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ABSTRACT 

Primary bladder tumors induced in Fischer 344 inbred rats 
by A/-[4-{5-nitrr>2-furyl)-2-thiazolyI]formamide were trans- 
planted !in syngeneic rats by the intravesical, s.c., i.v., and 
orthotopic routes. Attempts were made to establish bladder 
cancer cell lines in vitro. No success was achieved in trans- 
plantation by either the s.c. i.v.. or intravesical routes when 
primary tumor cells were transplanted as cell suspensions. Cell 
suspensions of primary tumors also failed to grow in culture. 
However, orthotopic implantation into the bladder submucosa 
gave 43% success. Tumor fragments obtained from either the 
primaryitumor.or : its lung metastases resulted In 10.6 and 36% 
tumor i&kes, respectively, when implanted s.c.. However, after 
one 'orthotopic passage in : the "bi^der^&nucQsa. the tumor 
: cells 'injected as cell ^uspensioh'greW -s.tV in 14% and ortho- 
tdpicall* in 79% of the.animals TumorlPragments obtained from, 
^wWotoj>lctumorsi an^impi^te^ : 
: jakes. Afterthe secpnd^prthptp'pic, passage^urnor cells^could 
be grown in cultures and! orthotppicallyJnSI 00% of anirnajs. 
The technique of orthotopic imptanta^ useful- 
ness bti this tumor modei for' bladder! cancer studies: are de- 
scribed. ■ ••<-'«• " : - u ' 

INTRODUCTION -Mr ^ 

Animjal models of transplantable bladder tumors in Vodents 
are rare in spite of the fact that dyestuff intermediates 'are 
known to be bladder carcinogens in humans. Although fi- 
naphthylamine is a known human carcinogen and 2-acetylam- 
ine fludrene, 2-methoxyl 3-amino dibenzofuran, and tryptophan 
are suspected in the etiology of bladder cancer in animals and 
humans, few transplantable gladder tumor lines were available 
from these studies (2-4, 9. 1 0. 1 2. 1 3, 1 8. 1 9). It was only in 
recent; years that FANFT* was tested and shown to be a 
relatively specific bladder carcinogen in rats, hamsters, and 
mice C1 . 5. 6. 7. 8, 1 1 . 1 7). Soloway (15) was successful after 
several attempts to transplant FANFT-induced rodent bladder 
tumors. He showed that by traumatization of the bladder mu- 
cosa by MNU. the bladder tumor cells could be seeded in the 
bladder epithelium by intravesical tumor inoculation (15). The 
major disadvantage of this animal model, especially for the 
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study of the intravesical immunotherapy, was that MNU caused 
local massive inflammation of the bladder mucosa and sub- 
mucosa and infiltration of the bladder wall with acute inflam- 
matory cells and exudate. Furthermore, our attempts to use 
this technique in the case of FANFT-induced rat bladder cancer 
in the syngeneic hosts were unsuccessful. We did not try 
instillation of tumor cells into bladder after its cauterization, a 
technique introduced by Soloway and Masters (16) that gave 
54% success in tumor implantation. 

In this paper, we shall describe our attempts to implant 
FANFT-induced tumors into appropriate recipients by several 
routes Orthotopic implantation into bladder submucosa was 
the most convenient and dependable method for bladder can- 
cer maintenance. In addition, the development-of. the trans- , 
planted tumor at the. orthotopic s^^o^^m^rm^z: . 
cent of primary animal; and huma^^ 

ment. Our investigations « 

. . ^ _ wi nzi VK^ctr,Hv//rtf drifter turnoAbroqression - 



MATERIALS.AND : METHODS . ^ r ■.;./ .« 

'Animals*;?' T * ■ ■' \ jW^i ' • - 

V ;a Two hundredT^xly-six inbred Fischer ritb. bred In our laboratory (3 
to 8 weeks old), were used as tumor recipients. 

Tumors 

They were FANFT-induced bladder tumors in female Fischer rats. 
The rats were fed FANFT for 14 months. A majority of the tumors were 
well-differentiated transitional-cell carcinomas. In some experiments, 
lung metastases of the primary bladder tumors were used. In the 
control group ol 17 animals that received no therapy during or after 
FANFT feeding for 1 4 months, there were 1 3 animals with lung metas- 
tasis and 4 with suprarenal metastasis. 

Routes Utilized for Transplantation of the Tumors 

All the experiments described herein were carried out under aseptic 
conditions. The routes and modes of transplantation were as follows. 

Implantation s.c of Tumor Fragments 

Tumor pieces, 8 to 15 cu mm in size, cut Irom the primary nonne- 
crotic tumor or its lung metastases, were inserted under the skin of 
syngeneic rats and then sutured. 

Implantation of Single-Cell Suspensions 

Tumor cell suspensions were prepared by mechanical tumor frag- 
mentation with scissors in PBS. The suspended cells were removed 
and allowed to settle under gravity. They were washed 3 times with 
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PBS and were tested for viability by trypan blue exclusion. The cell 
suspensions w< ire inoculated by the following routes. 

Subcutaneo us. Five to ten million malignant ceils in 0.2 ml PBS 
were injected s c. in the right flank region. 

Intravesical Instillation. The bladder mucosa was traumatized by 
MNU under Nembutal anesthesia (30 mg/kg) 48 hr before the instil- 
lation of 2 to 3 \< 1 0* maJignant cells/rat in 0.2 ml PBS. The tumor cell 
suspension wajs injected via a Teflon polyethylene sterile urethral 
catheter (19 gauge) inserted in the urethra. The fluid was retained in 
the bladder fo| 1 hr by a purse string suture around the external 
urethral meatus^ 

Injection i.vj (Transcaval). Inferior vena cava was utilized, as a 
vascular accesi, for injecting 10 x 10 s tumor cells in 0.2 ml PBS per 
anestheslzed rat. The time required for the injection was approximately 
3 min. j 

Orthotopic injection into the Bladder Submucosa. The bladder 
was evacuated bf its urine content, and the tumor cell suspension was 
injected into thi submucosa of a localized area of the anterior wall of 
the anesthesizcjd rat with a 26 gauge 0.5-inch needle. To achieve this, 
the bladder wa^ exposed and pulled upwards, gently, with a smooth 
forceps. The needle was then inserted obliquely for a few mm between 
layers of the bladder wall to deposit the cells in a submucosal location 
(Fig. 1). After trje injection of 0.1 to 0.2 ml of tumor cell suspension, a 
bleb formed at |he site of injection, in no instance was there breakage 
of the bleb andi spilling of the tumor cells into the lumen, injection of 
the suspension {into a rat usually took about 2 to 3 min. Follow-up was 
done at 0.5-. 1 and 2-month intervals to evaluate tumor growth, using,,, 
a transillumination technique that permitted detection of Rumors . as [ n 
: small as 1 mmi in diameter and of the development of the vascular ' 



organs were studied. The rest of the animals were used in subsequent 
transplantation experiments. 

in Vitro Studies. Tissue cultures were prepared from the primary 
bladder tumor and from the tumors after their second orthotopic pas- 
sage in the bladder. 

The cultures were prepared by cutting the tumor tissue into smaf] 
fragments with scissors. The fragments were seeded into plastic 
dishes. The fragments were cultivated under glass coverslips fixed to 
the dishes with silicone grease according to the method of Sly and 
Grubb (14). All the attempts to obtain cultures by trypsinization ol 
tumor fragments were unsuccessful. The culture medium used was 
Roswell Park Memorial Institute Tissue Culture Medium 1640 supple- 
mented with 1 5% fetal calf serum, 1 00 IU penicillin, and geniamycin 
(100 jig/ml or 5 mg/100 ml). 

For cytological examination of cell cultures, cells that had migrated 
from the explants into the tissue culture dishes were Irypsinized, and 
a specimen of the cells was seeded onto microscopic coverslips in 
plastic Petri dishes. The cells were allowed to attach to the coverslips 
and form confluent monolayers during 1 to 3 days. They were then 
washed with PBS, fixed with methanol, and stained with May-Green- 
wald-Giemsa for morphological examination. 

The cytological examination of solid tumors was carried out by 
formalin fixation of the tissue, embedding fixed tissue in paraffin, and 
the preparation of tissue sections (5 urn thick). The sections were fixed 
to glass slides and stained with hematoxylin-phloxtn and periodic acid- 
Scrtiff reagents. 



RESULTS 



[isystem nourishjng the tumor. When tumors were of reaso nable size - 




'Or- Second-paisstege:.tumors were usedHn-a/pjlpt study to' de)erm(ne^e : 
V> Vleiniinirwm.d6se\0fjtumor cells that g ave • 1 "60% tumor 'takes, - v f hifty -rate? 




('injected 

ml :PBS into thelbladderisubmucosa,, as-described above. - 
, An additional^ 50 female, rats. were utilized for the third orthotopic 
implantation. This group received injections of 25 x 10* tumor cells. 
This tumor cell dose gave 100% tumor takes in the above-mentioned 
study. Ten anin)als<given injections prthotopically with the well-differ- 
entiated transitijjnal-cell carcinoma of the bladder were followed for 6 
months to study the natural history of tumor progression in this animal 
model of bladder cancer. These animals underwent a full autopsy when 
ihey died or ware sacrificed. The bladder tumor behavior concerning 
growth and local invasion and metastases to lymph nodes and distant 



> Table ^summarizes the rate^ of . our/ success in primary 
,;- bladder cancer transplantation when different techniques pf 
'Mumon jm^ used^The s.c! ? irh^lant(crf' a small piece 

of the tumor was more successful when it wasr obtained from 
r the pulmonary metastases. rather, than 1 ^ 
Primary s.c. tumor takes were detected in.5 of."47 rats'(10.6%); 
during the first transplantation passage ahd-in 3 : of 20 08%)^ 
for the second passage. On the other hanc^ the/ successful 
tumor takes from pulmonary metastases were 5 of .14\rafS* 
(36%). They were not tried in the second passage. v^y- 

A single-cell suspension from the primary tumor resulted, ih£ 
only one successful transplantation of 7 rats tried by the s.c; . 
route. ' r ..'\T- 

No tumors developed when tumor cells were transplanted by 
either the intravesical instillation (with or without MNU trauma- 
tization) or the i.v. routes. 

The orthotopic injection technique yielded a higher percent- 



Table i 

Transplantation of FANFT-induccd Madder tumors 



t si passage 



2nd passage 



Route of administration and the type ol tu- No. of 



mor preparation 9 



rats 



Tumor lakes 



No. of 
rats 



Tumor takes 



I. Orthotopic, cell suspension 22 10(45)° 

II. s.c, cell suspension 28 o 

III. Systemic (i.v.), cett suspension 9 0 

IV. intravesical instillation, ceti suspension 1 2 0 

V. s.c. implant ol primary tumor 47 5 (10.6) 

VI. s.c, implant ol lung metastasis 14 5 (36) 

VII. Tissue cultures 0 10 0 

VIII. Tissue cultures" 3 3 



14 

7 



20 



1 1 (79) 
1 (14) 



3(18) 



° Significance (Fisher's exact probability test): first passage. II versus l. p < o 001 • HI versus I p < 

0. 01 4; IV versus I, p < 0.001 ; V versus I. p < 0 002: VI versus I. nonsignificant. Second passage II versus 

1, p < 0.01 : V versus I. p< 0.0003. ^ 

Numbers in parentheses, percentage of tumor takes. 
c Derived from fragments of a primary tumor. 

d Derived from fragments of a tumor in its second orthotopic passage. 
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age of tumor takes. During the first passage, the bladder tumor 
takes were obtained in 1 0 of 22 rats (45%) tried, compared to 
0% takes when tumor ceils were injected s.c. Using the trans- 
illumination technique, the normal bladder appears semitran- 
spbrent with fine vascularity (Fig. 2). The very early changes 2 
wieks after orthotopic tumor implantation were in the form of 
neWscularity exhibited by the development of well-formed 
toftuous large blood vessels going toward the tumor site (Fig. 
3)l These vessels get larger at 4 weeks as the tumor grows 
(Fig 4). When the tumors growing successfully by the ortho- 
topic route In their first passage were converted into cell 
suspension and reinjected into the bladder submucosa of 14 
rajs, the tumor takes were obtained in 11 rats (79%). 

The third orthotopic passage of the tumor in the bladder 
resulted In tumor takes in 100% of the rats that received the 
following tumor cell doses: 2 x 1 0 6 ; 1 x 1 0 6 ; 5 x 1 0*; and 25 
xi 10< tumor cells/rat. It was 80% in animals that received 5 
X' 10' tumor cells. Using 25 X 1 0 4 cells from animals bearing 
orthotopic tumor in its second passage, an additional 60 rats 
were inoculated, and we observed 100% tumor takes for the 
third passage. 

Using the third orthotopic passage tumor cells inocuiatea 
s,c in a number of animals, there were 1 0 animals that failed 
. : t0 develop the tumor by the s.c. transplantation route. However. 
V- the . same; animals developed tumors when given injections 
■ V oHhotopicallyin the bladder (Vx' iO* tumor cells/rat). 
Ca- iThevnaturaV history of; orthotopic. bladder tumor (third pas- 
itt'sjige^as^ in atl the 

%ahirr»ls;vreac^ necrotic 
k changes werefound in. these tumors. In spite of their large size. 
, 'line tumors; invaded^ and f 
bladder perforation was detected in.2rats. Lymph node metas- 
tases were detected in all the rats. The tumor: sometimes 
*' paused obstruction, of the ureters, .with subsequent hydroure- 
teronephrosis (Fig. 5). Lung metastases .were. l^rvdHn a|l the 
lio rats that survived for more than 4 months (Fig : 6). The 
animals, if left, died from their tumors and its distant metas- 
tases. The orthotopically injected bladder turn/or- cells devel- 
oped into papillary transitional-cell carcinoma (Fig. 7). 

DISCUSSION 

Transplantable animal tumors have been a cornerstone of 
experimental cancer research and its subsequent application 
to human cancer for more than 30 years. For reasons of easy 
access, s.c. i.d., and i.p. sites have been preferred for tumor 
implantation. Although these sites are appropriate for tumor 
maintenance, it is questionable if the development of the tumor 
at these sites parallels the development of the tumor in the 
organ of its origin. Few experiments have been conducted on 
transplantation of tumors into various organs to determine 
favorable sites of implantation or to mimic growth of primary 
cancer by implantation of tumor into the tissue of its origin. 
: Although it was our aim to have a transplantable bladder 
tumor in the rat. we were not oblivious to the fact that trans- 
plantable bladder tumor growing as a primary bladder cancer 
Uould provide a more useful animal model for the study of 
Lladder cancer therapy. Hence, intravesical and orthotopic 
Foutes for tumor implantation in the bladder were attempted 
klong with conventional implantation routes. As described in 
•Results." the orthotopic route proved to be the most favorable 
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site for transplantation of these tumors. 

Our inability to grow primary tumors by the s.c. and i.v. 
routes is not unique. Chemically induced tumors generally 
require several attempts before successful transplants in syn- 
geneic hosts are achieved. The relative ease with which the 
orthotopic transplant was accepted by the recipients was sur- 
prising It is possible that implantation in the bladder submu- 
cosa and subsequent selective growth of certain primary tumor 
clones probably overpowered the more antigenic slow-growing 
tumor cells, so that future transplants were 100% acceptable 
orthotopically and, to a limited extent, s.c. 

Histologically, the orthotopically growing tumors were tran- 
sitional-cell carcinomas. From the first-passage orthotopic tu- 
mors, we were also able to obtain a cell line that grew s.c. 
(Table 1) when inoculated as cell suspension. This tumor 
proved to be squamous-cell carcinoma of the bladder. It is 
apparent that FANFT induces tumors of both cell types and 
that the s.c. milieu may be more favorable for the growth of 
squamous-cell carcinoma. 

The technique of orthotopic implantation into the bladder is 
relatively simple and can be performed after opening of the 
abdomen as easily as a s.c. transplantation. Under aseptic 
conditions, mortality rate is nil. The procedure can- be com- 
pleted in about 3 min. Growth of the tumor can also be judged 
at various intervals by transillumination of the bladder without 
sacrifice of the ^nlmal. We., believe #at, this model :w* be 
exceptionally suitable ; to stud£ .the effects of , new -forms of * 

intravesical che>5oth&W 
nation*efore^ 

'remove^Mrhor may :also shoW if %mor spill into: the bladdery 
lumen ^uVih^ surgery results^ 
■ rerice of the tumor at other sites in the bladder. ;> ■ < 
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Fig. 1 . Technique of orthotopic injection of bladder tumo, cells into the bladder ">™ co ^ 

Fig. 2. Transilluminated photo of normal rat bladder showing fine capiJlanes ,n 'J™^™^^ „ shQW9 the fiar!y vascutar changes, which include the 
Fig. 3. Transition of rat bladder 2 weeks following ° 

caning of tortuous b.ood vessels growing towards the rnplanted ^^^^^^ inocutatlon of tumor cells. The vascular changeshave 
Fig 4 Same as Fig. 3 except that the rat bladder transiltum. nation was earned out A weeks alter 
b< come moro prominent as the tumor Increased In size (seo shadow). 
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Fig. 5. A massive orthotopic bladder tumor 6 months after orthotopic Inoculation ot bladder tumor cells. A, bilateral hydroureteronephrosJs; B. lymph nods 
metastasis. 

Rg.j6. Lung metastasis from an orthotoplcally implanted bladder tumor. 

Fig.:7. Histological appearance of tumor In the rat bladder 1 0 days following orthotopic injection ot 25 x 10« tumor cells. The muscle layer is Iree of tumor at this 
time, and the tumor is localized. Hematoxylln-phloxlne. x 400. 
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Chapter 20 

Introduction to Techniques of Mammalian Cell 

Culture 

GEORGE B. BODER and ROBERT N. HULL 
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' " f:-:;vv- „ ' • • ..... ..... v^-Jg/r • , ^ . ; v^uiv^^ 
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' . 20.6 Cell Strains ..../.;.v : ' ' ' 

« - r w * 5 : 20.6.1 Monolayers v;!: 
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^;i : |v r >^> ^ ^ v20^ 
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The manner in which .ammalian cells are cultivat- 
ed varies widely, depending not only on the require- 
ments of the cells but also upon The applications in 
culture/ For these reasons it is not practical to cover 
all aspects' at mammalian cell culture in this chapter. 
Instead] we include only the most basic and- useful 
procedures required so begin mammalian cell culture. 
In some areas, the methods commoniy used are so 
extensive and variable that we have chosen to present 
them mi terms of general principles. It is recommend- 
sd tha: ; ;he novice make use of the included general 



references before and during initial attempts at c*. 
culture, 

20.1 COMPARISON OF TISSUE CULTURE 
METHODOLOGY WITH MICROBIOLOGY 

Mammalian ceil culture techniques were modeled 
after the techniques of the microbiologist. Mammali- 
an cells, however, are more.sensitive than most micro- 
organisms to their environment. The mammalian ceL 
is larger and is not protected by a hardy cell wail and 
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its nutritional requirements are more complex. The 
marrtmaiian cull in vivo is net free living as are 
microorganisms. The mammalian cell is dependent 
upon a circulatory system that has developed to en- 
sure ja precisely regulated homeostatic environment. 
Theri is an abundance of different cell types that 
appear to have special requirements for growth and 
cunctjion in vitro. Most normal animal cells will not 
grow (multiply) in suspension culture and require 
specially treated and charged surfaces for selective 
attac lment as a monolayer and for growth. In recent 
years a certain amount of mystery has been dispelled 
about the unique requirements for consistent, con- 
trolled mammalian cell growth. Nevertheless, much 
rema ns to be learned about cell growth and differen- 
tiation. 

One of the greatest difficulties in cell culture is the 
avoid ance of bacterial contamination. The use of asep- 
tic techniques is essential to both mammalian and 
bactelal cell growth, but even more stringent re- 
quire nents are necessary for successful cell culture 
since susceptibility is greater, The introduction of a 
micrcbiai contaminant into a cell culture is more 
devastating and more readily apparent than in a 
bacte ial culture since animal cells grow much less 
rapid y than some of the common contaminants such 
' as bat teria, yeasts, and molds. Further,, freedom from 
chem cal contamination is generally more important,. ; 
in cejl culture , than it is ;in microbial culture and 
requites that glassware ^beMn^aculately clean and y 
* that tteagents;be -of &igh ^unty ^ Other physical and 
.chemical cohHitions^^ pH, i\ 

and ojsmotic pressure|rnust :\be- closely monitored to'' 
f provide the dptim^ tKe: cells undergo- 

ing cultivation. ' 
- fiarly microbiologists were concerned with the 
■ problems of obtaining pure cultures^organism iden- 
tification, and quantitative procedures. These obsta- 
cles were, overcome with the development of solid 
media and. differential and selective media for both 
the isolation and the identification of organisms. 
These: problems also existed in the early days of cell 
culturte, and even today they have not been solved to 
the same extent as they have been for microorga- 
nisms; The approaches to these problems, the success 
obtained, and the current limitations are presented 
here along with details of cell culture technology. 

20.1.1 Primary Culture 

" Vertebrate, invertebrate, and plant cells can be 
growni in culture, but only mammalian ceil culture is 
considered here. Primary culture involves the growth 
of cellb taken directly from an animal host, put into 
culture, and grown for a limited time without further 
subpa^sage in culture. 



the soiecticn of che animal species. The fact that host 
cells from some Species arc more readily cultivated 
than chose from oiher species is well known. A review 
of the literature generally provides inform a rion to 
assist the investigator in the proper selection yf host 
and tissue for a particular area of study. 

Sterility 

There are a variety of techniques used to initiate cell 
cultures, but of primary concern is the need for steril- 
ity. Internal organs, glands, and tissues of the host 
generally are sterile in vivo, but they must be removed 
and processed aseptically to provide usable cultures. 
The use of antibiotics in the culture medium may add 
assurance, but strict aseptic Technique is still essen- 
tial. At times the tissue to be cultivated may come 
from a host tissue that is not normally sterile, such as 
the skin, oral cavity, or gut. In this case the area from 
which the tissue sample is taken should be cleaned as 
thoroughly as possible and well rinsed with sterile 
balanced salt solution. A solution of 70% ethanol may 
be used on the skin provided it is completely rinsed 
away before dissection. Mercurials should not be used 
since they are extremely toxic to cells in culture and 
cannot be adequately removed by rinsing. In some 
^ cases Jt- may; b^ to treat the* host with 

rantibiptics^tor^^ before tissue excision; if 

so, inubiotics must.be^included in the culture medi- 
?ilnl;dun^ Penicillin and 




ical 
to the 
tion oi 
cuUi 
then 



urud 



Speciriens 

The procurement of tissue for primary cultures 
depends on the ultimate use of the cells. For virolog* 
studies, for example, the cells must be susceptible 
/i ruses. This consideration influences the selec- 
both the animal species and the tissue to be 
If a particular cell function is to be studied, 
ttye selection of tissue mav be more critical than 



the concentration can beancreased severaifold if nec- 
essary, In addition t^these antibacterial antibiotics, it V: i 
may be necessary tbyinciu compounds 1 - 
3uch as amphotericin ; B or nystatin ^These are: much: 'ifi^c 
more toxic than the other reagents and must be used £ . 
with care. If germfree animals are available, such .: ^ ? 
procedures can be eliminated. There is always: the :* v > 
possibility that the tissue, whether or.. not it comes 
from normally sterile tissue, will contain latent virus-; * 
es or be infected with mycoplasma. Little can be done 
to control these types of contaminants: Latent viruses- 
can present a safety hazard because they may grow to 
a high titer in the cultured cells (21). All primary ceil 
cultures, as well as the materials and reagents coming 
into contact with them, should be handled as if they 
were infectious, 

20.1 J! Cell Strains 

The primary cultures discussed above will often 
contain multiple cell types. These cultures generally 
are used as primary cultures and then discarded. 
There are, however, many established cell strains or 
lines, some of which have bean purified by cloning to 
provide cultures of a single cell type. This type of 
culture is maintained, by. serial passage much like 
cultures of a microorganism. There are two general 
varieties.: (i) the established or continuous line, which 
can be grown indefinitely in serial passage, and (ii) the 
finite life-span strain, which undergoes a limited num- 
ber of population doublings in vitro before growth 
stops and the cells become senescent. The latter is 
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iwuallv diploid i2N normal chromosome numbers), 
where* most established cell lines vaiy In their 
DloidyTTha finite life-span strains are generally Item- 
ed in "tiieir split ratios to low numbers, while many oi 
the established cell Unes can be split at ratios of 1:10, 
1:20. ok greater, A split ratio at 1:10 is produced by 
subculL?ing the cells from 1 flask into 10 flasto. 
Details! of the preparation and handling : of both pri- 
mary a^d cell line cultures are presented below. 

20.21 BASIC LABORATORY REQUIREMENTS 

20.2.1 Sterile Work Area 

Maintenance of steriii ty in the work area is essential 
for both short-term and long-term cultures. A sterile 
room environment is achieved by using high-efhcien- 
cy particulate air filters under positive pressure so 
that all of the air is flowing out of the room. When cost 
and spfcee are of concera.4aminar-0ow hoods can be 
used td provide a sterile work area. In some instances, 
Plexigfcs boxes or inflatable germfree isolation cham- 
bers at(o suitable. The use of stainless-steel tables and 
work surfaces is recommended since they can be more 
readily disinfected and kept clean. Various arrange- 
men ts pan be.made for storing needed supplies withm 

.wriveWerti'Teach'ay in tifrinj^ 
Eqwj^erirshoute^^ 

:th£Nl]ij$^ 
laminar flow.; . - : ' y<; , 

: M rffiaaaUtionItd^ovidiri| 

^eSr^tibn 'of the cul 

•^en^osafe^rding lib'SrjMbry;^ 

is a f H& of exposure to known or potential pathogenic 

agents! Therefore, precautions must be taWn^pe-; 

cially When working with human materials. The^worK 

area :■ should be thoroughly cleaned and disinfected 

before! and after each use (see reference 3):: • V J 

20,2 2\ Equipment Washing and Preparation, Basic 
Equipment, and Storage Facilities 

i 

In the preparation area, separate dedicated sinks 
should be available for cleaning glassware and other 
tissue* culture equipment. There arc a number of 
glassviare-washing machines currently available that 
minimize the handling of glassware and so reduce 
breakage. Sonicarion baths are also available that 
appear to be satisfactory in removing even the most 
stubborn material. Since all glassware and equipment 
should be scrupulously clean, a source of highly puri- 
fied water should be available. Some laboratories 
routirieiy use triple glass-distilled water, while others 
depetid on ultrafiltration systems. Ultrafiltration sys- 
terns have been identified as sources of microbial and 
chemical contamination of water due to growth on 
filterstand resins." Arrangements should be made for 
periodically checking the purity of the water by mea- 
surini both inorganic and organic content. 

Proper care of cell culture glassware begins in the 
laboratory. All equipment should be rinsed with wa- 
ter asi soon as possible after use to prevent drying of 
materials on the glassware. Equipment to be 
autoclaved should be filled with or submerged in 
water before being placed in the autoclave. 



A glassware cleaning procedure that >ias wcAtfoi 
well for us Is described below. 

Cleaning glass culture vessels 

1. Remove all markings (grease pen or ink) on 
»lassware before the slass is soaked or simmered. 

2. Do not allow the glassware :o dry between use 
and the cleaning procedure. (Glassware should be 
submerged or filled with water immediately after use 
as previously noted.) ^ 

3. Place tile glassware in a stainless-steel bucket 
containing distilled water (12 liters) and 56 g of 
Calgolac (Calgon Corp., St. Louis, Mo.). 

4. Simmer for 1 to 2 h. Be sure no air bubbles are 
trapped in the glassware. (The use of large sonicators 
eliminates this requirement.) 

5. Remove glassware from the cleaning solution, 
and rinse in tap water five times and then in glass- 
distilled water five times. 

6. Rinse three times in triple glass-distilled water. 

7. Invert, allow to drain dry, plug with gauze- 
wrapped cotton, and wrap with Patapar paper (James 
River Corp., Edglv, Pa.). Do not use aluminum foil or 
brown paper. The foil is coated with lubricant that 
volatizes during sterilization and condenses on the 
glassware. Brown paper contains formaldehydecand^, 
other chemicals that are toxic. . : ' r v I^C^ v £' 

8. Sterilize glassware in an oven at i35.toil50>C)tor > i 
2.5 -to -3 h. ' ■ , -i ■■ k±3 L WJ&!&;: 

, ^leaning- glass P^ettes :\\ \Y; ^ 

. ;i , Let pipettes stand in cleaning solution (distilled 
--water, and Calgolac as. described above) overnight, t v * 
:;2*^ Rinse in tap. water 10 times. , ^ 

- & : flfriwe ^in^triple-distilledwater JO times, i- •> ;v 
-^:::4^^br«ia^^^vlu|/alldlWI«p with Patapar paper^ 
v •Is fSterilize in oven as described above. * - 
It^is^ desirable to dry. all equipment thoroughly 
before sterilization; therefore large drying racks in a 
i, clean area are required. 

Sterilisation of equipment requires a dry-heat oven. 
The oven may require a mechanism for circulating air 
to avoid hot and cold spots in the pven, depending 
upon the load and the capacity of the oven. Items that 
cannot be sterilized by dry heat may have to be 
autoclaved. This can be a source of difficulty since the 
steam used in many systems contains volatile conv 
pounds that may deposit on the equipment. 

Storage facilities 

Media and sera require storage at either -20 or 4°C- 
There seems to be a wide variation in the storage lives 
of different media and sera. The length of storage life 
may be related to the sensitivity of the cells and to the 
selection of ceils permissive to certain environments. 
In general, several recommendations can be made. 
Serum should be stored at the lowest available tern- 
perature, frozen and thawed as infrequently as possi- 
ble, and shielded from visible light. Samples of serum 
sufficient for weekly use can be thawed and subse- 
quently Stored at 4°C until used. 

Some media can be stored at -20°C. although the 
solubility of some of the ingredients is minimal at this 
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TASLE I. Basal Eagle medium-Earle sales 



Component 



Amirjo acids 



Coacn 
(mg/Iiter) 



Component 



Concn 



L-Arginme 

L-dysteine 

L-Oiutamine — 

leftist idine 

l«l$oleucine 

L-Lpucine 

t- Lysine 

L-b Methionine . , . 
t-P iienylal&nine 
L-Threonine — 
^Tryptophan. . , 

^Tyrosine 

L* Valine 



Other 



components 

D-Clucose 

Phe nol red 



17.40 
12.00 
292.00 

3.00 
26.00 
26.00 
29 JO 

7.50 
16.50 
24.00 

4.00 
18.00 
2350 



1,000.00 
10.00 



Inorganic salts 
CaCl 2 (anhvdTOUs), 

KCl 400.00 

MgSO„ • 7H,0 ... 

NaCl 

NaHCO, 

NaH-fXVHjO..>. 



Vitamins 

Btotin 

Calcium- ^pantothenate . 

Choline chloride 

Folic acid 

t-Inoaitol 

Nicotinamide 

Pyridoxal-HC! 

Riboflavin 

Thiamine • HCJ 



200 
. 400 
. 200 
6.300 
2,200 



1,00 
1.00 
1 .00 
1.00 
2.00 
1.00 
1.00 
0,10 
1.00 



temperature. If the precipitate does not redissoive 
upori chawing, sonication in a water bath may resolve 
_this difficulty. Storage at 4°C results in the depletion 
, of soine of the nutritional ingredients due to chemical 
^latb'ility. Glutamine, for example, has a half-life of: 
-appr^xiniately 30 days at 4°C in solution. - ; V 



Incubators 



can leach out during storage or use, sometimes result- 
ing in cell toxicity and variation in cell growth and 
function^ Plastic vessels ordinarily should .-riot be. re- 

.. used: • ' • : S$$$A 

I Glass culture vessels. Rei^ble gl^cWi^lvl'saels 

.have been used since the early days pf^n.c^lture^The 

.{fact^ 



^;Biferent conditions of incubationimay^ 
for different cells. Thus, it may be. necessary to have 
: ^^^an one incubator of the "same type adjusted to 
^e ^propriate -temperature and C0 2 concentration. 
Incubators include both standard incubators used in 
cioseq culture wl tooutpro vision for i^sing and COz ' 
incuijators for ciilturW'th^ atmo- 
sphetfe. 'There are many ccmhierciaCsuppliers of the 
variojus types of incubators. 

Fori large-scale cultures a warrn.room can be con- 
structed, although modular units can be purchased 
commercially. It is important to have circulating air 
in these incubators to avoid hot and cold spots. 

20*2*3 Glassware and Plasticware 

Mofct items commonly found in a microbiology 
laboratory are standard items in the cell culture 
laboratory. Many of these items are now made of 
dispo ;ablc plastic . Plastic pctri dishes commonly used 
in microbiology laboratories are not suitable for at- 
tach! ient-depeodent cell culture. Special treatment of 
the p astic surface is required to promote cell attach- 
ment and growth. The specific items needed vary 
deper ding on the research, being conducted and the 
preferences of the Investigator. Polystyrene has been 
accepted .as the standard substrate for disposable 
cuitu: e vessels. The surface must be treated to provide 
a wet able or charged surface. This is usually done by 
die manufacturer. Other plastics such as polyvinyl 
chloride, polycarbonate, poiytetraftuoroethylene, and 
other have been used in special situations. Polysty- 
rene i ; probably the least expensive, and it is optically 
clear. One pitfall of plastic iabware is that plasticizers 



\yir>iofteti requires additional vsuppSrt j^g^'Xie- 
pending on the glassware volumes requiredr"^' : 

' "*~ . ' ,: ■ * 20,3 CULTURE MEDIA > / 

The medium is probably the most important facto* v 
in the maintenance and growth of cells. There are ho , 
universal guidelines for the selection of medium, se- 
rum, or growth factors for a given cell type. For most 
continuous cell lines it is recommended that the ceils 
be kept in the medium to which they are accustomed. 
Cells may be adapted to other media by proportion- 
ally reducing the concentration of the original medi- 
um while inreasing the concentration of the new 
medium at each passage. Growth curves can be done 
for each set of variables, determining lag time, gener- 
ation time, and cell density at the stationary growth 
phase. Since there are numerous media used in mam- 
malian cell culture, it is recommended that the novice 
refer to more complete descriptions before a selection 
is made. The ingredients are chosen to provide main- 
tenance or growth of the cells. An example of a typical 
minimal medium is shown in Table 1. 



Osmotic pressure 

The medium environment must satisfy more than 
just the nutritional requirements of cells. Proper os- 
motic pressure is one parameter that must be met. 
The osmotic pressure is maintained by the appropri- 
ate concentrations of salts and glucose ..Ceils from 
different species vary in their ionic requirement. 
Sodium/potassium ratios in sera from various species 
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are Hnown to differ, and this should be considered 
when selecting culture media. 

Hydrogen ion concentration 

Thfe pH of most biological fluids is maintained near 
neutrality. Deviations of more than several tenths of a 
pH Unit from normal are usually fatal. Most cells 
survive at a pH range between 68 and 7.6; however, 
man* functions of cells vary with small changes in 
dH. Cell attachment to substrate is generally en- 
hanced by a pH of -7.0 or less, pH in most media is 
controlled by a combination of dissolved gases (sodi- 
um Bicarbonate buffer system) and products of metab* 
olisnt by the cell (especially lactic acid). The bicarbon- 
ate spstem is the natural buffer in blood. 

The chemical reaction of the sodium bicarbonate 
buffefr system is as follows: NaHC0 3 + H 2 0 -> Ma* + 
HCOk- + HaO-* N»* + H 3 COj * OrT-> Na* + OH" 
HdO + C0 3 . Thus, on* of the final products of the 
reaction is gaseous C0 2 . The solubility of C0 2 decreas- 
es as! temperature rises, causing the C0 2 to be released 
fromi the medium. This results in an increase in pH. 
For this reason cultures must be tightly stoppered and 
in softie cases charged with C0 2 gas to prevent the loss 
of CO2 and the rise jn pHc(This point is critical during 
membrane filtration of amedia .uiider a vacuum:)' An 
alternative procedure Jsitoancubate cultures in' ari; 
incubator with a C0 2 -ai^ancediatmosphere wi^ the^ 
.capsi loose: The .aawurife^&Cpi^asr required tp. main^; 
t ,,tain j stable :*>H . depends ,qb)ta $e vroran cranon; of. : 
/ 'NaifcOa in the meiliu^GQtfln^ 
ifdr the incubation of cells>in petiri dishes unless special 
• medfa without the bicarbonate system are used (24). 
'^^ i ^!^t|her^coIl8ideration■.te the*pK» of sodium bicarbon- 
' ? ^ate/»;*3"ai\37?e); which results in less than optimum, 
\ ^buffiriha.at the normal culture pH of 7.2 to 7.4. 
yi. vb^er ? bufferis have been developed to substitute for 
^the bicarbonate buffer. One of these (2) utilizes the 
- 'buffering capacity of the free bases of the amino acids 
/ and {the higher concentration of phosphate buffers. 
Another buffer used extensively for incubation in open 
systfms is HEPES (iV-2-hydroxycthylpiperazine-A/'-2- 
ethanesulfonic acid), which acts as a dipolar ion, A 
concentration of 25 mM or less is common] v used. For 
some applications a combination of the sodium bicar- 
bonate system and HEPES can be used. Additional 
details of pH control and measurement can be found 
elseivhere (3). It has been demonstrated that some 
. ceils have, a requirement for C0 2 (30). 

Carbohydrates 

Aisource of carbohydrate is necessary in cell culture 
medium to supply an energy source. The most com- 
moiji source of carbohydrate is glucose, but other 
monosaccharides (e.g., galactose) (24) can also be 
usei. (Disacchandes, however, cannot be used,) 



Only the l forms are utilized, out some older medium 
formulations contain DL-anxino acids. 

Vitamins 

Vitamins are used as cofaetors in cell mgtabolic 
functions. In certain cell types, such as bom ceils, 
ascorbic acid is important for growth and function 
fin Vitamin £ has recently been shown to protect 
against the damaging effects of light (14), Vitamins 
can be provided by the serum, but with a reduced 
serum concentration vitamins must be provided by 
suplementation. 

Trace elements (minerals) 

Most minerals required by cells" in culture are pro- 
vided by the serum. In low serum concentrations {2zl 
or in the complete absence of serum, requirements for 
iron, copper, zinc, selenium, molybdenum, and other 
minerals have been demonstrated, The levels of min- 
erals in serum can be influenced by mineral levels in 
the soil, which affect the animal through its food 
chain. Thus, selenium levels vary in animal serum 
depending on the geographic location. Since high 
levels qf these xninerals arc toxic to cells (14), knowing 
- .their concen'tration in serum and making appropriate ; 




Amino acids 

nino acids are required for cell growth and func- 
. Most animal cells have a specific requirement for 
■ imino acids: arginine. cysteine., glutamine, histi- 
«„ii!, iscleucine, leucine, lysine, methionine, phenyl- 
alanine, threonine, tryptophan, tyrosine, and valine, 



A 
tiot 
13 

din.! 



• . Senimxontains growth/factors and growth;, tnium^- 
tors. Most: cell* lines • require the supplerhen^idjr of; 
medium with: scrum^uiCthcre/are .many^^wes^ 
that have been adapted to serum-free growth (e.g., 
HeLa. LLC PKi, and W29). Although some eel Pseiec- 
tion may have been involved in addition to adapta- 
tion, recent experiments by Peehl and Ham (26) dem- 
onstrated that epidermal keratindcytes can be selec- 
tively grown from an inoculum that contains hbro- 
blasts by the addition of selective -growth factors in 
serum- free medium. 

The sera most frequently used in tissue culture are 
fetal bovine serum, bovine (calf) serum, equine serum 
and human serum. Proteins are a major component or 
serum. The functions of proteins are not well de ™ ed ' 
but they may serve as carriers for minerals, tatty 
acids, and hormones or as growth factors or hormones 
themselves. A number of peptides in serum have been 
identified as growth factors and have been purihed cor 
use as supplements in serum-frcc medium (9). As with 
media, there are no universal guidelines for the selec- 
tion of sera for a specific ceil type. Generally, trial and 
error methods are employed to select the serum best 
suited for the growth and function of cells. Consider 
ation must also be given to lot-to-lot variation. Sup- 
pliers will often send samples for testing with specitic 
cell systems and will reserve these lots until they 
receive the results of stringent testing. Tests on sera 
should include sterility testing (including myco- 
plasma), growth curves, cloning efficiency, and micro- 
scopic observation of the morphological characters- 
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TABLE 2. Growth factors for optimization of wrum-crec 
media _ 

Growth saciois 

Epithelial ceii growth factor 
Fibroblast growth factor 
Nerve cell growth (actor 
Platelet-derived growth factor 
Transforming growth factor 
T-ceil growth factor 
Colony stimulating factor 
Triiodothyronine 
Hydrocortisone 
Selenium 
Estradiol 
Prostaglandins 
rnsulin 
Prolactin 
! Growth hormone 
Somatomedin 
Transferrin » 
Hemin 



tics of the cells. All or none of these tests may be 
.applied.. as needed., The. methodology for growth 
'.curve^ described below. 

^ -Problems encountered ^th .serum 

^En^ on 
^ceils! f in^cult^re ^re^!; numerous - For instance, 
7* endotipxin^ macrophage function 

and frfligratioh, = 'stimulate /-Hormone secretion, affect 
hormone ^.sensitivity,, receptor affinity, and hemo- 
poietic; cell.prolifer^ of-- 
endotoxins are ; usuallyv intrpduced' bylbacterial con-* - 
camination during . serum cpilpction. and: processing; v< 
therefore, sera should be /obtained from- a supplier' 
that pjsf forms quality control assays -routinely. 

Hemoglobin. The hemoglobin content of sera can be 
used ; 'is an indicator of the quality of the procedures 
usedlih collecting serum. Hemin affects cell differen-' 
tiatidri induces globin m&NA, promotes neurite out- 
growth in nerve cells, is a macrophage- dependent 
T-celP | growth factor, and is autogenic for human 
peripheral blood mononuclear cells. It is therefore 
advisable to use serum that has a low hemoglobin 
content unless these features are desired. 

Lipids and fatty acids. Certain lipids and fatty acids 
are known -to affect cell growth and function (10), 
Fatty acids, ini particular, influence cell function be- 
cause fehey are an essential and major component of 
cell mkmbranes and they are determinants of mem- 
brane fluidity. It is important to recognize these fea- 
tures sjince many cell characteristics, including cellu- 
lar eniyme activity, orowth rates.. virus survival, and 
infectiwty, can be- altered by varying the concentra- 
tions of fatty acids in serum. 

The j lipid requirement for the nutrition of cells 
remains controversial and has not been systematical- 
ly studied. Recently, Bettger and Ham (10) demon- 
strated the preferential delivery of lipids to cells via 
liposomes in contrast to the established perference for 
serum lipoproteins. Many cell lines show a growth 
response to supplemented lipid when serum-supplied 
lipids ? arc limiting or absent. Requirements for 



linoleic acid, other fatty ae;ds, cholesterol or choles- 
terol precursors, the fat-soluble vitamins, and 
phospholipids have been demonstrated in ceil culture. 

Hormones. Ceil culture plays a major roie in delin- 
eating hormone activities (9). It is therefore important 
to recognize the value of identifying and concroiiing 
the levels of hormones in serum before setting up 
experiments- to study the effects of particular hor- 
mones on cell function. 



20.4.2 Serum-Free Media 

Optimization of serum-frce media is a time-consu- 
ming process with no general rules To follow and so 
must be carried out by trial and error (9). Some 
supplements, such as insulin, transferrin, and seleni- 
um, are commonly used. Other supplements are more 
cell specific, including estrogens, androgens, triiodo- 
thyronine, and others (Table 2). 

During the development of serum-free media for 
well-established cell lines', optimization can be ac- 
complished one step at a time. This may not be 
practical when establishing primary cultures, since 
the variability of primary cultures is inherent. The 
work of Barnes and Sato ,(9) has^ 
the ability of complex' rjriixturesvpf Hormones, growth i V . 
factors, and carrier proteins ^ of f> 

serum /In culturing hiima^kerj^ 
v- Hard^26^ *dcmohstteted^rJ^t 



concentration of iron and decreasing the" doncehtra v $ 
\ ti'on oft zinc? the need for ^ tnuisferrin in keraanocyte^ I 
culture wats elifiuhated^These examples illustrate" the'- \\\ 



cdm'p|exirV of growth requirements . 



20.4.3 Growth Factors 



. The most commonly used growth factors are listed 
in Table 2, Obviously, this list is not complete since 
growth factors for specific cell types are the attention 
of current research. 



Substrate 

A proper substratum is essential for the growth of 
some differentiated cells, especially in defined medi- 
um, Studies have demonstrated that plastic is not an 
optimal substratum. Coating plastic with substances 
from the extracellular matrix such as fibronectin, 
chondronectin, laminin, and collagen has been shown 
to have clear advantages in the attachment and 
growth of cells. 



Defined media 

Defined media are important for the discovery of 
novel substances with growth-promoting activities 
(9). High-density lipoproteins are essential for the 
growth of some kinds of ceils. Cholera toxins, 
glucagon, thrombin, vitamin £, prolactin, and small 
proteins (growth factors) are also required- by cells. 
Studies with defined media have helped to identify 
growth factors and growth inhibitors in serum. 
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203 METHODS FOR PRIMARY CULTURE 
20.5.1 Explants 
The oldest procedure for setting up primary cul- 
tures is the explain method. In this method, :hc tissue 
is washed free of blood and cut into small fragments of 




about 2 mm 2 . The best cutting method is the use of 
two sea pels held with .the blades opposing each other 
and ma; upulated like a pair of scissors. The fragments 
are rinsed well with balanced salt solution or culture 
medium and held in a small volume of either, The 
fragments must be placed in a culture vessel and 
anchored to the growth surface. Chicken plasma 
(rooster) prepared with heparin is commonly used to 
embed ; nd to anchor the explants. After the explants 
are in p ace, the plasma can be clotted by the addition 
of a few drops of chicken embryo extract, Some tissues 
such as testicular explants cause coagulation of the 
plasma i without any additive. When the plasma is 
firmly plotted, an appropriate volume of liquid cul- 
ture medium is added as an overlay, and the cultures 
are inclbatcd at 35 to 37°C. Within a few days new 
areas offcell growth or migration are seen (microscop- 
ically) iround the edge of the explant. The cultures 
should tie refed two to three times per week during the 
growthberiod. 

20.5.2 Enzyme-Dispersed Cells <. *?•:• fo'^-'fsK: 
paration of cultures by^etiz^atic^ 
£d tissue was intr&iucea ■m s ^S*«Mlii^l'95&^a5^ 
of readily pjceparingwlar^rnu^ 
Irures for viral- propagation : and Jassay : TKis>^ r. 
methodj was originally applied ; to 'kidney ritissue, on ■ . : 
which It perhaps works best; but has been: found 
useful -for other tiS6ues>as well; Trypsin (0.25%) is 
• co r im^ tissues collagenase is 

jni^/eOTCtive. Tte;tissiiV is; minced (barber's shears 
worfe^eti ^fiir fc ,.tbds)V: waaJwJd --.to ^ reuiov« blood and 
debris, ^ jafid suspended in the enzyme solution. The 
generalj procedure involves some form of agitation 
overtime, with harvest of the loosened or free single 
cells b^j filtration through a gauze filter or similar 
deviceJ (The coarser, larger fragments retained by the 
filter arje subjected to additional cycles of enzymatic 
digestidn -followed by similar harvests. The harvested 
cells ari pooled and held in ice water until the process 
is completed. The ceil* are counted with a hemacy* 
tometeS, and a suspension of a desired density is 
preparejd for planting into culture. (There are a vari- 
ety of fnore specific procedures for the enzymatic 
digestion of tissue which are described elsewhere [2].) 
The suspended cells (after planting in a stationary 
vessel)*ettle, adhere to the culture surface, and repli- 
cate. Over a period of time with intermittent medium 
renewals, the cells form a monolayer of growth over 
the entire available area and appear to be much like 
the cultures of cell- lines described in the following 
section] It is important to realize that trypsin is most 
active ah an alkaline pH and that the enzyme solution 
should be kept at pH 7.6 to 8.0, A typical procedure for 
preparing raobit kidney cells is given below. 
Preparation of primary rabbit kidney cells 

1. Use 21-day-old rabbits. 

2. Aseptically remove kidneys and place them in 
chilled I growth medium (medium 199) containing 



J .5% NaHCOj and 5% equine sdrum or fetal bovine 
scrum. 

3. Place kidneys In a petii dish, remove capsule and 
medulla, and rinse well with medium. 

4. Transfer kidneys to mincing rube and mince to 
fine particles (-0.5 to 1.0 mm). 

5. Rinse with 125 ml of warm 0.25% trypsin per 
kidney. Shake gently until tissue is no longer 
clumped, and then decant the trypsin. 

6. Add 125 ml (per kidney) of warm trypsin and a 
magnetic stirring bar, and place over magnetic stir- 
ring motor for 15 min at speeds below those produc- 
ing foam. 

7. Filter the cell suspension through three layers of 
sterile gauze into a 250-ml centrifuge .tube in an ice 
bath. 

8. Repeat step 7 until no large pieces remain. 

9. Centrifuge the filtered cell suspension at 250 * g 
for 10 min. 

10. Remove the trypsin supernatant fluid by aspi- 
ration. 

11. Resuspend the cells in 200 ml of the above 
medium. Centrifuge as described above. 

12. Filter through gauze and repeat step 11. 

13. Resuspend cells in 20 ml of medium and trans- 
fer into two 15-mi graduated tubes. Centrifuge at 250 

jx'g fdr ! 5Miii'": r v J " . Y: ;V,\ • 
" --i:4^bilute.'ufe'cjBUs to 1:400 in the above medium on 



the baiis'oE aYvblume of packed 'cells. 
:;-15f pisptfrSe^^ to 5 



mi/25-cm* 



flask);; 



20.5.3 Blood ami Ascites .Cells-^fv 



In a few instances; ceils, can be obtained "directly 
• from the host as a suspension of cells. A T|.leural. 
eftusion or ascites will provide "such cells, as^iirthe 
peripheral bloodstream. The^e ascites cnay be inc|uc^ 
in an animal by the inoculation of anirritaht inta|he : 
peritoneal cavity; the ascites can then bef useci w ;to ; 
collect macrophages for culture. Ceils can be retnoved 
from their suspending medium by centrifugatfpn or 
by selective adsorption to and elution from appropri- 
ate materials before being placed in a culture medium 
and planted in culture. 

Primary cultivation of leukocytes from peripheral 
blood has become a common practice for imrounolo- 
gists. Of the cellular elements in blood, generally only 
the lymphocytes and monocytes can be induced to 
proliferate in culture. Methods for separating these 
cells into reasonably pure suspension have been de- 
veloped (27). Monocytes and lymphocytes may be 
separated from the other elements by density gradient 
centrifugation. The lymphocytes and monocytes col- 
lect at the interface, while erythrocytes and polymor- 
phonuclear leukocytes settle below the interface. 
Monocytes may be further separated by adherence to 
niters of glass beads or nylon columns. If the 
monocytes are to be retained for cultivation, adher- 
ence to-petri dishes, or other plastic culture flasks can 
be utilised. The remaining lymphocyte population is 
composed^ of T cells (about 75 to 30%). B cells (1 to 
15%), and a minor but important population of null 
ceils. The lymphocytes collected after one of the above 
procedures can be further subdivided by adsorption to 
sheep erythrocytes, layered over Ficoll-Hypaque, and 
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ceqtrifuged. The B cells collect at the interface, where- 
as ihe T cells attached to the srychrocy tes are found in 
the; lower level of the tube. Most null cells are con- 
tained in the B-cell fraction bur some are also with the 
Us. The T cells are freed from the erythrocytes by 
g the lacier with NrUCl-Tris or by osmotic shock 
distilled water. Further purification of the B 
null cells can be accomplished by taking advan- 
tage of the immunoglobulin on the- surface of B cells. 
An antibody prepared against the F(ab') 2 portion of 
the | immunoglobulin of the species from which the 
cellfe are obtained will react with the surface immu- 
noglobulin. This antibody may be adsorbed to a Seph- 
adejc G-200 column for this purpose. The B ceils when 
added to the column are retained, while the null cells 
are collected in the effluent. B cells can be recovered 
by treating the column with immunoglobulin of the 
species under study (27). 

Purified suspensions oj lymphocytes do not grow in 
culture unless induced "by mitogens, cytokines, trans- 
fornjung agents (such as viruses), or other cellular 
elenjients which provide the necessary growth Eactors. 
Macrophages or monocytes are commonly used as 
helper cells. T-cell growth factor, leukocyte activating 
factor, ^and B-gell growth factor, are examples of 
'^cytokines '^at/are used/Two conimpn mitogens that 
'Sfcin^bg ^us^^ar^ : phytphemagglutinin and concana- 
;;yahfi' for human 
;?;cell^:^ . 
r Gell^uspensions for cultivation can be obtained by 
^mecnanicai jmet like thy - 

-mu^or^s^ stirring/or 
evenj forceful' pipetu"^^^ the.tissue 
cellsi must be. fifed -Wall; by washing 

and icentrifugatibnVlt may be* necessary in some ih* 
'stances to treat the cell suspension with NH4CI or by. , 
osmetic shoclc.to remove contaminating ery.thrbc^ces:; Ji 
The Iresuiting cell suspension is-' planted in : cuiture : ; 
whete,-depending on cell type(s), die cells will either 
settife, adhere to the growth surface of the flask" 'and 
proliferate, or else remain in suspension during their 
grovjth period. * 

20.6 CELL STRAINS 

20.6.1 Monolayers 

Mqst celi^strains grow attached to glass or plastic 
surfaces. Numerous types of culture vessels are avail- 
able. 1 The adherent cells can be subcuitured by 
resusjpending the cells in fresh medium and dividing 
into iiew vessels. Several methods available for de- 
taching adherent cells are as follows, (i) Proteolytic 
enzy^nes. most commonly trypsin (crude) and pan- 
creatfn (also crude), can be used. Other enzymes that 
are u$ed.are collagenase, elastase, hyaluronidase, pep- 
sin, pronase, etc. The choice of the enzyme depends on 
cell sensitivity and on the processes for stopping the 
actioi of the enzyme, (ii) Chelating agents such as 
EDTA are used to resuspend some attached cells, (iii) 
Combinations of enzyme and EDTA are frequently 
employed, (iv) Physical methods, e.g., scraping from 
the gjass with a rubber policeman and shaking, can 
sometimes be used to loosen cells. These techniques 
arc n<K recommended for ceils that adhere tenaciously 



to the culture vessel surface. Some of these ceils can 
be suspended as single cells by gentle pipetting. 

A stepwise procedure for suspending a monolayer 
culture of cells is described below. 

1 . Prepare a sterile solution of trypsin (1:250; Difco 
Laboratories, Detroit, Mich.) at a concentration of 0.1 
to 0.5% in medium or balanced salt solution at pH 7.6 
to 8.0. (More dilute solutions are used for cultures in 
serum -free medium since natural trypsin inhibitors 
are absent.) 

2. Decant or aspirate medium from :he culture. 
Since serum inhibits trypsin activity, it may be 
necessary to rinse the cell sheet with scrum-free me- 
dium. 

3. Add enough trypsin solution to cover the cell 
sheet. 

4. The time needed for trypsin treatment varies 
with cell type, but 1 to 5 min is usually required. 
Incubate at either room temperature or 37*C. The 
process is complete when the cell sheet appears to be 
loosened from the surface. 

5. Add sufficient medium to make a uniform sus^ 
pension. Then aspirate the cells in small-bore pipettes 
to finally disaggregate the cells. 

6. Centrifuge the 
to pellet cells and ; 

7. Resuspend the 1 
complete medium, $f ^col!^ 





be considered in deciding --whether to use" 4, 25, or 37°C 
- :for treatment; t -T6e r cel& can , be- suspended in trypsin : "' { \ 
» solution or in f complete medium with scrum.' In 7 > : 
serumrfree -medium/ a trypsin inhibitor can be add- 
ed. Howcver^sihce ; crude trypsin contains other en- 
zymes/inhibition of enzyme activity is not com- 
. plete. . '■ ■ • 

; Alternatively, cells can be resuspended as follows. 
After enzyme solution is added to the flask, incubation 
is carried out for 1 to 3 min (longer for more firmly.* 
attached cells), and the flask is inverted, allowing 
most of the enzyme solution to drain away from the 
cells. Digestion is allowed to proceed to the point at 
which small constrictions can be seen in the cell sheet 
upon microscopic observation. At this time, the tryp- 
sin is removed, and culture medium is added. The 
cells can be resuspended by gentle pipetting in com- 
plete medium and then inoculated into new culture 
flasks. 

Note: Low temperatures are known to cause disag- 
gregation of microtubules, rendering the cells more 
susceptible to damage from shearing forces produced 
by pipetting or other physical treatments. 

Seeding density 

The cell concentration for inoculating fresh vessels 
is usually about 100,000 cells per ml of medium or 
20,000/cm 2 of growth area. The cell concentration is 
usually determined by the growth rate of the cells, 
which in turn is a function of the cefr type. Che 
medium, and the environment. Most ceils have a finite 
density for both seeding and maximum density. 
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30-6j.2 Suspension Culture, Stationary' Suspension 
{Culture, Soft Agar Culture, and Agitated 
Microcarrier Suspension Culture 

As ivith bacteria, the easiest and simplest way to 
grow (mammalian cells is in suspension culture. Most 
colls 4>f leukemic or lymphoid origin grow as single 
cells fci either stationary or agitated suspension cul- 
tures,; 

Theix are many apparatus for growing cells in 
suspension culture. Cherry and Hull (16) devised suit- 
able Vessels from round-bottom flasks which were 
id by a Teflon-coated magnetic stirring bar 
ded from stainless-steel swivels by stainless- 
ire. The flasks were then mounted at a suitable 
from a motor-driven magnet to reduce the 
f heat generated by the motor, 
scale suspension cultures of mammalian cells 

.gently been described by Feder and Tolberr 

(17). spin filter techniques and flexible plastic sheets 
designed to rotate at slow speeds are used to retain 
cells ih suspension without developing excessive shear 
forcesTthat are disruptive of cell membranes. Many 
variations of these techniques have been designed, 
including continuous perfusion. 

Thelgas phase requirements of suspension cultures . 
are variable. Some investigators simply sparge, witti ; : 
l^- air; others use mixtures of air arid CO^or Qi, The ; 



Soft agar cultures 

Semisolid imd 50 ft agar techniques have been de- 
veloped since some malignan: or virus. transformed 
mammalian ceils can grow into isolated colonies in 
highly purified soft agar culture. Double-strength me- 
dium" is used to suspend cells, and the cell concentra- 
tion is adjusted "O twice that of the desired final 
concentration. Highly purified agar (agarose) is made 
up in triple-distilled water at concentrations ranging 
from 0.6 to 1,0%. The agar is sterilized by autociaving, 
brought to 41 to 44*C, and held in a water bath. The 
medium containing the cells is warmed to 35°C and 
added to an equal volume of warm agar. The medium 
and agar are quickly mixed, transferred into petri 
dishes, and incubated in C0 2 incubators. Colonies can 
be counted or isolated for cloningTpurposes. A modi- 
fication of this technique is the human tumor stem 
cell assay developed by Hamburger and Salmon (20). 
In this method a feeder layer of nutrients is provided 
beneath the agar layer containing the cells. 

20.6.3 Hollow-Fiber Systems and Other Substrata 



During the last 10 years, hollow-fiber culture equip- 
ment has been the.<subjecr of much developmental 
;>"! ■ effort,: ^especially *fbr< mass cell culture techniques. 

ivf :T$pic^lyy^ hollow 

fi^nerinon of oxygen bubbles m the meoW 

;;:rr oe av0l ?!?M; i ' ?;b% * \:< vf. ; tment/b'r/fiq^ 

V^are impiarif^ 

5" "large} surface; area* ;fiS; ; eell: growth;: Gclls>can^ grow Ato>. 
J ?: high tissuelike f densi ties and Vcanr be; main tainedi for « 
>: .months.' ■ : \*\ < : '-'- '■' ' ' >; v'-* / 



rJV v Many ; anc^ 

L' : ^s^p^i^aculinire unless special procedure's are used. 
One oi these procedures involves* the use of Sephadex 

- beads ito Which the cells attach: These beads can then 
be kept'in; suspension by adequate agitation tech- 
nique^. Various additives such as \% methyicelLulose 
or polyethylene glycol can be added to the medium to 
prevent serum precipitation on the sides of the vessel. 
Other] (modifications of the medium can be made such 
as the^l reduction of calcium or phosphate to reduce 
cell clumping. There is general disagreement concern- 
ing th4 benefits of these modifications that is probably 
related to particular cells and culture conditions. For 
these reasons, many variations of the method have 
been devised, Microcarrier beads are made of natural 
or synthetic polymers of various sizes, such as Seph- 
adex, dextran, etc. A problem encountered with the 
beads Involves collisions which damage the attached 
cells. It cells need to be harvested, it is often difficult to 
remove them from the beads by conventional tech- 
niques. A variety of bead types is available from 
commercial suppliers. 

Modified perfusion systems have also been used 
with tie microcarrier system. Of particular signifi- 
cance s the microcarrier-perfusion reactor described" 
by Fee er and Tolbert (17). Through better control of 
the environment, cell densities have been obtained 
that arc 5 to 10 times greater than those previously 
at:ain< d. An additional feature of this procedure is an 
efficier t scale-up system that minimizes the lag times 
usually encountered in such systems. 



20.7 MAINTENANCE OF CEli: tHlURESiM.^ v : 

• • ■ - . , >: . 

20.7.1 Subculturing , • ; vfe" 

Once a culture is established, whether it is a ceU tinf 
or a primary culture, it requires periodic n&dium ^; 
change or subculturing. Intervals between medium-" 
change and subculturing are determined by rate o£ 
cell growth, depletion of nutrients from the medium/ 
accumulation of metabolites in the medium, and pH 
change. 

Conditions to consider when deciding to subculture 
or refeed the cultures are an increase in cell concen- 
tration, a drop in medium pH. and the microscopic 
appearance of the cells. Generally, normal cells stop 
dividing when they reach a stage of conflueney, when 
essential ingredients are depleted from the medium, 
or when a toxic metabolite builds up in the medium. 
Cells that are not dividing may still deplete, some 
nutrients from the medium. Careful and timely assess- 
ment of the cultures is crucial to the establishment of 
proliferation and function. 

20.7.2 Clones and Cloning 

In mixed cell cultures, the fastest growing ceil type 
will eventually dominate. To select and propagate 
specific ceil types, a number of different cloning pro- 
cedures have been developed.^ These include liciked 
dilution cloning in a variety of conditions and media 
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volume, optimisation of the medium plays a critical 
role jn successful cloning (23 ). A number of procedures 
have! been devised for achieving this goal such as 
cloning in soft agar, the use of cloning rings in 
monolayer culture, selective irradiation, selective me- 
dia, Interaction with substrate, cell migration, and 
singij^cell sorting by flow cytometry. (SeeVcferences 2 
and 7 for detailed procedures.) 

20,8 TYPES OF CELLS CULTIVATED 

The use by earlier workers of the plasma clot and 
medial with high concentrations of serum and embryo 
extract favored the growth of fibroblasts or the con- 
nective tissue, elements from the tissues put into 
culture. Most tissues or organs contain connective 
tissue in the form of capsules and internal structural 
or binding materials which generally have a greater 
propensity for growth in vitro than do the more 
differentiated parenchymal cells. Subcutaneous or 
skin ihuscle tissue, especially from embryos, provides 
a good source of fibroblasts for culture preparation. 
Other, more specialized, connective tissues such as 
> ,cardi# c ; or ; s^ieta^ muwle^-bone; cartilage, and adi- * 
' *;pqse;tte^ the .central 

:fi.riejry^ 

&imc ; fflture. . . .' 

; !^7'^ ;; 

Embryonic : or-;rieonatal : hearts provide'J-the* jbest^^ 
>;'oppoiitunity for culture of myocardial. cells (13). These v 
-can bje cultured as explants or as trypsinized^ cell % 
i: suspensions; and, in", the proper environment, con- 

tracting cells develop and'ean be mairitiihed, .in* a 4 
' beatiiig state for fairly long periods of time; When ¥ 
enzynW-dispersod cells are used, contaminating 
endothelial cells can be eliminated bv taking : advan- 
tage o|F their quickness to settle and adhere to glass or - 
plastic surfaces. With skeletal muscle> only the mono- 
nuclear myoblasts proliferate in culture; but as the 
cell density increases, cell fusion occurs to produce 
multinucleated muscle fibers which no longer divide. 
After fusion, contraction of the multinucleated fibers 
may bis seeo, and the typical cross-striation of skeletal 
muscle cells develops (31). 

20.S.2 Bone Cells 

Cultures of bone cells (osteoblasts and osteocytes) 
are upually initiated from embryonic bone or 
primordia, but one report of the long-term cultivation 
of adult bone cells has appeared (28). Embryonic 
calvaria provide a good source of cells, which can be 
obtainpd from both the periosteum (endocranial sur- 
face) and the bone itself (11). The tissues arc separated 
mechajnically," washed, minced, and trypsihized to 
disperse the tissue into a suspension ot single cells for 
planting into culture. A medium referred to as BGJb 
or its i(nodification, BGJb/FJ. plus fetal bovine serum 
(10 toJ20%) is recommended tor the growth of these 
ceils, Tjhe ceils settle., attach to the floor of the culture 
vessel, iand proliferate, becoming confluent in about 7 



:o i a jays, As ifrcivth amtinues :ha cultures become 
multilayered, and dense areas of ceil growth ere 
observed. Mineral (Ca ") deposition occurs and is most 
evident in the areas of high ceil density. Cultures can 
be initiated from explanti of embryonic bone in which 
ceils migrate Out from the *xplam and proliferate. 
Other bones such as ribs or femurs have be^n used us 
a cell source. In addition to the cell culture methods 
described above, some truly remarkable studies have 
been done with organ cultures of rudimentary bone in 
which development of the organ was demonstrated. 



20.3.3 Chondrocytes 

Chondrocytes from elastic, hyaline, and articular 
cartilage (obtained from the earrsternurn, and long 
bone articular surfaces) can be grown in cell culture 
(19). Following excision of the tissues, all adhering 
noncardlaginous tissue is dissected away, and the 
clear cartilage is cut into small fragments (1 to 2 
mm 3 ). These fragments are dissociated by incubation 
in a medium of 0.5% collagenase-lO^ fetal bovine 
serum in salt solution with mild or no agitation. The 
suspended cells are collected, washed by cehtrifuga... 
tion, and suspended in growth medium. Ham F12 
medium (2) with 5% fetal bovine serum is satisfactory,^,.^ 
After being planted in culture, the cells fetite7«tiwh r '^. 
to the growth surface of the Culture :yess elf and :prol'if : ^';.^. 
eratc to form colom'es of , epithet 
; v elongated fibroblastl% 

■ resent contaminating cells from connicuve : tissue : -not 77 -t" 
*j&rapletely remi^e^dim 

^cartilage for cuitiyat^ ca^^bp^ubcui^,:. 7* 

\ •tured from the pnirlHry '^Sltures'&y' using trypsin, but ' . 
, long-term or continuous cultures of these cells are not 
^available.; ; ■^-f^'*** 7' : *'" f '"- : ■ - r 7 / , 1 



20i;4 Adipocytes (Fat Cells) 



^ 7Aduit fat cells- do hot proliferate, but cultures of 
' adipocytes can be prepared from precursor cells ob- 
tained from adult fatty tissue. The tissue is treated 
with collagcnase in a buffer solution and agitated over 
time at 37°C. The time of digestion can be determined 
by microscopic observation of the tissue and ceils. The 
use of siliconized glassware is recommended. After 
incubation the tissue remnants are removed by filtra- 
tion of the cell suspension through a nylon screen into 
a centrifuge tube. The fat cells float to "the surface and 
can be harvested tor planting into culture. Medium 
199 (12, 29) with a serum supplement, plus such 
additives as insulin, methylcellulose, increased glu- 
cose, and iinoleic acid, has been used to cultivate the 
cells. The cells settle, adhere to the culture vessel, 
spread out. and become elongated like fibroblasts. As 
growth continues a monolayer is formed, and at this 
time granules of lipid-staining material appear in the 
cytoplasm. With continued incubation the granules or 

' lipid droplets coalesce into a single large lipid deposit, 
and the cells begin to appear as adult fat cells. These 
will loosen from the growth surface of the flask and 
float freely in the medium. After harvest, the floating 
lipid -laden cells can again be treated with coilagenase 
and returned to culture where the process will be 
repeated (12. 29). 
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20.SJ Nerve Cells 

Tissue culture had its origin in the experiments of 
Harrison (2) with nerve tissue maintained in vitro. In 
:hc ensuing years, many investigators have studied 
cells and! tissues of both the central and peripheral 
nervous Systems in culture systems. Neurons from 
brain and spinal cord ganglia can be maintained ;n 
culture where, with optimal conditions, maturation 
with growth of fibers and axons can be observed. Cell 
replication does not occur unless neuroblasts from 
very early embryos are used. Cells of the supporting 
neuroglia 1 tissue, however, do replicate, and continu- 
ous cell i: nes of glial cells have been developed. Pieces 
of brain tissue are carefully dissected to remove all 
membranes and extraneous material and then cut 
into smal pieces, put into medium, and dissociated 
by vigor >us pipetting. The resulting suspension of 
cells and small aggregates is plated into culture ves- 
sels where some ceils will sTowly settle, adhere, and 
replicate to form monolayers of glial cells. Several 
weeks miy be required for this to occur. Cells can be 
subcultu: -ed by the trypsin method and serially passed 
for a lim ted number of cell generations. Eagle medi- 
um or Ham F-10 (2) with fetal bovine serum is 
.satisfactory.. 

: ^ 203.6 Glandular Epithelial and Vascular >; / 

sik vxi-.i:.: .;. Endothelial Cells x . V/ \':[ ^J^'t 

A. Epithefiial cells, once thought to be difficult^ grow 
i'inV^iiu^i^ire readily cultivated from : iffnumber^ff : 
* tissues ; bV-using media and culture prbcedures % noWuii 
cornmoniuse^The use of either lower cohcehfratioiw of 
serum # defined , media qr serum-free i media with 
. added growth factors has made growth 1 of these cells 
. possiblcd;The most; readily cultivated epithelial cells 
are those lining organs or tubules or those from the 
skin. Aftjer- careful dissection to remove, 'connective 
tissue elements, the, tissue, is. minced and dissociated 
with trybsin or collagenase to prepare cell suspen- 
sions forlplanting into culture/ In some instances an 
organ or 1 tubule might be tilled or perfused with the 
enzyme Solution to loosen or free the epithelial lining 
cells. Kidney tubules may provide the best source of 
epithelial ceils for culture by these methods, but other 
organs ind tissues, such as the alimentary canal, 
rcspiratciry tract, uterus, prostate gland, etc., are also 
used, These ceils provide monolayer cultures of usu- 
ally larf e, polygonal, closely knit cells with round 
nuclei. Subculture can be accomplished by the trypsin 
method, although the number of possible serial pas- 
sages va "ies with the tissue source and animal species 
used as lonor. 

Cultiv ition ox the more specialized glandular epi- 
:hclia vith maintenance of functional activities is 
more difficult, but the success rate is steadily improv- 
ing witl the 7 introduction of new methods and im- 
proved culture media. In most cases a gland contains, 
multiple cell types, and problems arise in trying to 
isolate i,nd identify the particular cells desired tor 
culture. For many years this made the culture of 
pancrea ic beta cells very difficult; however, methods 
have new been developed for the harvest ^of islets 
essentially free of other cellular elements (15). In the 



case of the pituitary gland, the types of ceils appearing 
in die cultures can be partially controlled by careful 
dissection of the gland into its component parts. 
Continuous cell lines have been produced from pitu- 
itary tumors that continue to produce prolactin and 
growth hormone. 

For many years liver cells were difficult to cultivate, 
but cultures of these cells are now easier to perform. 
In situ perfusion of the organ with enzymes has 
enhanced the preparation of viable cell suspensions 
for cultivation, and cells more prone to divide have 
been obtained from regenerating liver after partial 
hepatectomy, Improved culture media with more spe- 
cific requirements for liver cells have been formulat- 
ed. Although there are numerous studies on primary 
or short-term cultivation of hepatocytes, there are few 
established cell lines. 

Cells From other glands (e.g., thyroid, parathyroid, 
adrenal, ovary, and testicle) have been cultured at 
least for limited periods of time with the production of 
specific hormones. This has been accomplished by 
using explant or organ cultures and by preparation of 
enzyme-dispersed cell suspensions. The fact that a ceil 
produces a specific product aids greatly in the identi- 
fication of the cells growing in the cultures. . 
- Culture .ote 

; ;~ani in^r^ept, , 

! ceUs /cahi!hp\y t ^/cmtureB^ff^m' - ! 

%n&t^ thf . heart ; v Rir^He r7; 

several continuous lines of. endothelial MUSihav§<|ejj ? 
cells trbm'iar^ 
i^are hl^esi^ffby selecting a section of vessel^igatrog 
J one end; and filling it with collagenase. With repeated . 
treatment the harvested collagenase solution' will con-- j 
tain loosened endothelial cells whichxan be plknted v 
4 in culture (18/22). A similar procedure invblves/evert-- ■ i 
ing the blood vessel onto a rod, thus exposing the 
endothelial liningj and repeatedly dipping or stirring • 
the rod in a solution of collagenase. For the prepara- 
tion of capillary endothelium, a tissue rich in micro- 
vascular material is selected, minced i«uj small frag- 
ments, and homogenized or treated with collagenase. 
The resulting small fragments of capillary tissue are 
collected by filtration through nylon mesh. Further 
cell dispersion may be done with collagenase, or the 
fragments and aggregates may be planted into cul- 
ture. Endothelial cells settle and attach to the culture 
vessel rapidly, and this can be used as a means of 
reducing the number of contaminating cells (fibro- 
blasts, smooth-muscle cells) by early rinsing and 
refeeding of the cultures. Several growth factors when 
added to the medium have been reported to enhance 
the growth of endothelial cells. These include tumor 
cell-conditioned medium, thrombin, fibroblast 
growth factor, and endothelial cell growth supple- 
ment. 

The culture of cells related to the immune system is 
essential to the new discipline of cellular immunolo- 
gy. The methods for obtaining and cultivating these 
cells were covered- in Methods for Primary Culture 
(section 20.5). Numerous continuous cell lines of lym- 
phocytes and macrophages are also available. 
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20.9 SOME SPECIFIC USES OF CELLS IN 
CULTURE 

The uses and applications of cells in culture are 
increasing as more scientific information on growth 
regulation, differentiation, drug effects, function, and 
horcponai regulation is accumulated. 

20.9.1 Effects of Chemical Compounds on Cell 
Proliferation 

ere are a variety of procedures for measuring the 
s of compounds on cell proliferation. These in- 
clude measurements of cell numbers by microscopic 
observation, use of automated equipment such "as 
voluine counters and flow cytometers, incorporation 
of isptopically labeled precursors into macromole- 
coles (such as DNA, RNA, and proteins), and cell 
plating efficiencies. Quantitation methods similar to 
those 1 used with microorganisms can be used (2, 3). 

20.9,2 Genetic Studies 

The use of mammalian cell cultures in genetic 
studies is expanding rapidly) prompted in part by the 
developments in. molecular biology and by new tech- 

. niquis .for; jmc&^hg^g&eBc changes'- in ; cells :\CeU:\ 
cujrure^s^play^n^ra ""key- ipie'by? ^rmitung du^ctf- 

-, , : pbfseijyatio^ Skin' fibrpblasS;;,^ 

penpfaer^vblood -leukocytes, anjf i ajxmioc«ntefiisvsamr. 

studies" in, humMS Cell \banks with 1 'specific ^enetic^f 
'^^m^lj^ic^ve^feen established in the^mer1cah^rj|^ r " 

Culture Collection and the> Human Geneuc Mutant 
: , Cell iespwitoryi Methods for the growth of celLs'anB ^ 
/ specific procedures for identifying ^chro'mdsomiir v ab^ >: ; 
V] normj&lities are described in publications frbm b^uh'- 1 . 
institutions arid in various tissue culture methodology ; ; 
handbooks. Genetic studies are being enhanced by 
rapid! developments in hybridoma technology. 

Otijer speciiic areas of research in which ceil culture 
piaysi a major role are host-parasite relationships, 
virus [studies, recombinant DNA studies, and growth 
regulation and differentiation. Differentiation has re- 
ceived considerable attention during the last several 
years! due to advances in the development of hormon- 
ally .defined media. The use of mammalian cell cul- 
tures: in basic research and applied developmental 
situations is rapidly expanding. 

20,110 CELL PRESERVATION AND RECOVERY 

To ensure that cells arc available for future use and 
to safeguard against accidental loss due to contami- 
nation or inadequate or improper culture conditions, 
cultuifes may be stored in liquid nitrogen. The viabil- 
ity of! cells in liquid nitrogen is preserved for many 
years. 

Preseirvatian 

1. Trypsinize a subconflucnt population of rapidly 
growihg ceils, or, in the case of suspension cultures, 
centrifuge cells that are in log phase. Resuspend the 
pellet I in cool complete growth medium (including 
scrum!) at a concentration of 2.5 x 10* to 4,0 x 10° 



ceils per ml. Slowly add reagent-grade dimethyl 
sulfoxide or glycerol to this solution to achieve a final 
concentration of 5 to- 10%. 

2. Use a syringe fitted vtizn. an 13-gauge neetile :o 
transfer 1 rai of the cell suspension to a sterile ?Iass 
ampoule, which is then flame sealed (plastic viais are 
also commercially available). 

3. Place the ampoule in die vapor phase of a liquid 
nitrogen freezer for 30 min. Alternatively, place the 
ampoule in a Styrofoam box with sides and lid that 
are 5 to 10 cm thick. Place this box in a -70°C freezer 
for 2 h. Either of those procedures gives a slow cooling 
rate and eliminates the expense of controlled freezing 
rate apparatus. 

4. Place the ampoule in commercially available 
racks, and store in a liquid nitrogen freezer. 

5. After 24 h, check viability and sterility. 

Recovery 

Generally, the simplest method involving the fewest 
operations and the least handling is recommended for 
ceil recovery from storage. 

1. Remove an ampoule from the liquid nitrogen 
freezer. Gloves, face mask, and long-sleeved garments 
should be worn. There is a danger of ampoule -e*plo-- fu- 
sion if liquid nitrogen has leaked into it. . ^^Sgf^ 

2. Quickly thaw the contents of the ampoulei^i^||^r 




ethanbl 'and .allow, it to 'dS/ic ^ : -£1. 
^ 4 Break off the end of the,^ ampoule ihva ^fctctife^ 
towel, and carefully remove the" contents with an • 
18-gauge needle and syringe^ * ^ !. M* 'b^ 

5 Add sufficient complete growth medium to dilute - 
the dimethyl sulfoxide to a epiicentration of less -than' 
0:1%: If glycerol is used, tte growth medium should" 
be slowly added to the cell, suspension and immedi- 
ately centrifiiged at 200 x g for 5 min. Cell culture 
medium is used to resuspend the cells at the optimal 
cell density. Modification of this procedure can be 
made, but the object is to reduce the glycerol concen- 
tration in a stepwise fashion. 

6. Incubate the cells at 37°C. After 24 h, replace the ' 
medium with fresh growth medium. 

20.11 DETECTION OF CONTAMINATION 

Check all cultures and each individual flask period- 
ically for contamination by using a phase-contrast 
microscope. Periodic fluorescent staining and eultur- 
ing for mycoplasma are also recommended. 

Where antibiotics are used, maintain separate cul- 
tures in the absence of antibiotics. A quarantine of all 
new cell lines, media, serum, and enzymes before 
general use in the laboratory is recommended. Do not 
share the same bottles of medium, serum, or enzymes 
among different cell lines or technicians* 

It is important to check the morphological charac- 
teristics of the cells periodically for contamination 
with other cell lines. Kits for isozyme determination 
are now commercially available to determine the 
presence or absence of enzymes characteristic to var- 
ious species. 
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Mycoplasma 

Mycoplasma contamination is a concern for eycrv 
investigator who uses cultured ceils. Data derived 
from cell cultures contaminated with mycoplasma 
should (be considered invalid. Mycoplasma have been 
shown to have the following effects on ceils: (li inter- 
ference! with growth rates; (ii) cytopathic- effects; (iii) 
depletion of essential nutrients from media; (iv; alter- 
ation ol carbohydrate content of media: (v> inhibition 
of nucleic acid and protein synthesis; (vi) changes in 
enzym J patterns; (vii) chromosomal aberrations; (via) 
modifidation and redistribution of cell antigens; (ix) 
modification of viral infectivity; (x) interference with 
'he purification of cell organelles (mitochondria^ 
membmnes); and (xi) reduction of the oncogenicity of 
malignant cells. 

The best way to avoid the effects of mycoplasma ts 
to prevent cell contamination. Sources of infection are 
human; cattle, or swine $era. Therefore, only serum 
from hligh-quality suppliers should be used. Serum 
should ibe checked for the presence of mycoplasma by 
sever** of the assays currently available. Mouth 
pipettiiig must be avoided, and heat inactivation of 
serum khould be considered. Several antibiotics have 
: been rdporied to. suppress the growth of mycoplasma 
oil cellB,3ur other .studies suggest recurrence of the 
"(h^tiiris/upoh-femovaKof the antibiotics. Other re- 
■■^ri&'Ai^ri^mmcKiid: passage of the malignant 
^dU^n^in^ recovery of the cells. ., 

^niy$p^ l V . ■'; ; • / 

. '■■ '*>>< - ~" - : . * : 7 'v'.-^V^iifA'*'/-- ■< ■['.' -v ' 
..... - r:j.- r f ^ ?;* >C r"')'v V"'"' '"' '" -C ■ ;. ' ">i 

> ikiictioh'Vf ^ ' 

Mic^iologicai ^nil^viral contamination of ceUsf 
can beidifificuit to";det<ectf.and assess.' TKs' is especially r 

. true of -iral contarniriation since/rsome 
species oecific. Whilevdetection of Viral, and myco-q 
plasma irLiectibns of mammalian cells is. complex and; 
requires special diagnostic, methods': detection of or- 
dinaryl bacterial and yeast infections usually requires- 
only a! good phase*contrast microscope. Some bacte- 
ria, hoWever, adhere to cell surfaces or grow intracel- 
iularlyj, and special procedures must be used to isolate 
and detect these organisms. This is especially true for 
anaerobic and facultative organisms (see reference 3 
for procedures for isolating, growing, and identifying 
these Organisms). . u 

Sindc mycoplasma infections ot cells in culture 
atfect ijnany vi^al cell processes and properties and can 
remain unrecognized and undetected indefinitely, 
special procedures must be used periodically to deter- 
mine their presence. The presence of mycoplasma 
usually is confirmed by demonstrating their charac- 
teristic growth on agar or by fluorescence microscopy. 

Culture techniques for detection of mycoplasma in- 
fectioijt 

In cjur experience, broth and agar cultures have 
been the most sensitive means of detecting mycoplas- 
ma infections because such cultures have the advan- 
tage df rare-event detection with growth amplifica- 
tion. Since most mycoplasmas arc bound to rhe cell 
surface, it is imperative that a ceil suspension w.e 
prepared. Some rr.vcopiasmas are shed and can be 



cultured trom medium. Frequently, tragnwftLs ui ;-:is 
can be mistaken for mycoplasmas upon microscopic 
observation. 



Mycoplasma broth 

1. Combine 4.2 g of Difco PPLO broth and 20 ml of 
vcast extract (see below), 

* 2. Suspend mixture in 140 ml of distilled water. 

3. Autoclave at 15 lb/in 2 for i5 min. 

4. Cool to 40 C C and add 40 ml of mvcoplasma-free 
horse serum. 



Mycoplasma agar 

1. Prepare broth as described above. 

2. Add 2.4 g of Difco purified agar. 

3. Autoclave. 

4. Cool to 40°C and add 40 ml of mycoplasma-tree 
horse serum. 

5. Pipette 7.0 ml of the solution into 53-mm plates. 

6. Invert and cool at 4*C. 



Yeast extract preparation 




-I/ RgmovVfi^ i^;yeasVcili^ 
,,-settie.^>;.; i £\> . ;, u:> ■ - ■ < . ■ fc 

M;'CenWfuge at' 1,000 * £ to remove most pi '.the* 

r-^yeast;cells;; J- ; . ;y- > i ■ ■ , M ,) .).;/•. ! 

; L^; Pipette Into separate.:. ?; 

Vessels and .freeze^ ' r . 

*>■ Mycoplasma growth and detection 

1. Approximately 0.15 mi of sample is streaked 
onto the surface of duplicate agar plates and allowed 
to dry at room temperature. 

2. One plate is incubated at 37°C in an anaerobic jar 
with a BBL GasPak (3). The other plate is incubated in 
an aerobic, moist atmosphere at 37*C 

3. At the same time 0.5 ml of sample is added to 
each of two 7-ml tubes of broth- One tube is incubated 
with the anaerobic plate, and the other tube is incu- 
bated with the aerobic plate. 

4. Platings and passages are made at 5- and 10-aay 
intervals with 0.5 mi transferred to fresh broth. 

5. If no mycoplasma colonies develop on the origi- 
nal plates or after the subsequent two passages, a 
third passage is recommended. 

6. Agar plates are examined by inverting them on 
the microscope stage and focusing through the agar. 
Low power (2.5 to 6.0 x) is useful for locating the 

"colonies, Mvcopla5roa colonies range in size (5 to 
1,000 M,m) and generally exhibit a characteristic 
"fried-egg!' appearance. Higher-power objectives (10 
to 20x) should be used to obtain greater detail. 

7. Mycoplasma grow to high titer in broth culture 
. without exhibiting turbidity "Microscope observation 

is necessarv. 
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ftonbuiturt techniques for detection of mycoplasma 
^nfecition 

Sofrte strains of mycoplasma do not srow on stan- 
dard agar plc.es or have become so adapted to growth 
in cqii culture chat sheir growth in other media is 
pcori A direct fluorescence stain may therefore be 
neceisary. Ceils shouid be grown on cover siips in 
Lei gft tOC tubes (2) or petri dishes, or on slides in petri 
dishes. The conditions for culture should be optimum 
for that particular cell, and the population should be 
arowjn to about 50% confiuency. 



nts 



Reagjei 

Hokchst stain 322SS (500 iiffrnU in Hanks balanced 
salt kolution without phenol red or sodium bicar- 
bonate. 

Mounting medium (cu;ic acid monohydrate, 4,662 
mg; KajHP04, 8,247 mg; glycerol, 500 mi; water to 
i. C0Q ml). r 

Procedure 

1. Dilute the stain to 0.5 ixg/mi'at room tempera- 
ture 

2. Aspirate all of the mediiun{^^;:£te;eultute.yt 

3. Fix in Carnoys solution (glacial acetic acid-ab- 
solute methanol. I^.ffel^ 

and Replace' with; fre^fi^tiyef ' stah^ for -10 rriin. 

4. Air dry th^ slide r-c6veij'it' : Cv;: ^::^ih ; s<>rutiOn,-and . 
holdljfcr'J^ '/ i 

5. tembven^iiain. ^iwash. 'tri^fice,three^|mes, 
in deionw^c^Hh/^!^ S^^P*' y--<£ y ' • . ' - ' ] 

6-"i\ir dn r 1 ^ de and; preserve -in the mounting 

-varnfr^feTeV fluorescent 
lp\A^.&cmd!ti)wvv length. 360 nra; maxi- 
r : ^;i6n wavelength^ 490 to 500 nm). A negative 
\ . ? Idicated by only nuclear staining. A culture 
wi* mycoplasma will be seen as a positive 
nuclejar stain with the cytoplasm or ceil membrane 
coverjed with small fluorescent material relatively 
unifoprh in size. Control cultures with and without 
deliberate mycoplasma infections shouid be used as 
controls. 

5. bacteria, yeast cells, and other organisms can be 
identified by their typical morphological character- 
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Shojrt Report 

Intra rectal injection of tumour cells: a novel animal 
model of rectal cancer 

H. KASHTAN*, M. RABAU*, J. B. M. MULLENt, A. H. C. WONGJ, J. C. RODER, B. SHPITZi, 
H. S. STERN § AND S. GALLING ER 5 

• Department of Surgery, TehAviv Medical Center, Sackler School of Medicine, TehAviv University, TehAviv, Israel; 
Departments of 1 Pathology and 5 Surgery, and i Samuel Lunenfeld Research Institute, Mount Sinai Hospital, 

University of Toronto, Toronto, Canada 

The purpose of this study was to develop an animal model of rectal cancer. Three 
murine-derived cell lines, B16 melanoma, CT26 and MCA38 colon carcinoma, as well as 
the human colon cancer cell line LS174T were injected into the submucosa of the 
mouse rectum. Subcutaneous CT26 anbd B16 tumours and intra-caecal CT26 tumours 
served as controls for tumourigenicity of the cell lines. B16 melanoma produced a . ..g r y^j& 'as?.. 5Cj;^V?C 
: \ locally aggressive rectal tumour as well as skin and para-aortic lymph node metastases. * : ^^r-:iU# \ 

' V ^ CT^ Intra-rectally and colon tumours and liver - : ^ZJ2f $§4*^;$^ 

; A^f m et^ LS174T intrarectal injections ^ '#Vti>t^ 

:Y- resulted ih largtf.m We believe that growth of a. y?^|£^ ;?t 

< ; cp^h cancer cell line in the rectum ^ ^ 
other models of colorectal cancer. We would expect that the model could similarly be r 
utilized to assess the effects of novel adjuvant treatments for rectal cancer as well as in x ; : > 
the study of the tumour biology of rectal cancer. Surgical Oncology 1 991 ; T: 251 -256. 

Keywords: animal model, metastases, rectal cancer, tumourigenesis. 



INTrtODUCTION 

Rectal cancer is one of the most common internal 
malignancies of Western society and is one of the 
leading causes of cancer-related morbidity and 
mortality [1]. The primary definitive treatment 
modality is surgical excision. Adjuvant therapies 
havej been studied extensively in recent years 
because of the high incidence of postoperative 
recurrences [2]. The lack of an appropriate animal 
modal of rectal cancer has limited the ability to 
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study the natural history of this disease and test 
new forms of therapy. 

A number of experimental animal tumour models 
have been established to study various aspects of 
colon cancer. However, they were designed to test 
chemotherapeutic drugs and study tumour hetero- 
geneity and metastatic potential of colon, not rectal 
cancer. These models include: rodent tumours 
induced by chemical carcinogens [3]; transplantable 
tumour lines derived from such lesions [4]; and 
xenografts of human colon carcinoma in nude mice 
15]. Human colon tumour xenografts in nude mice 
are notable for their lack of metastatic behaviour 
when injected subcutaneously [6], and Morikata et 
aL demonstrated that human colon cancer cells lines 
must be injected directly into the caecel wall of nude 
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mice jto consistently develop metastases [7]. How- 
ever, Ithls model was difficult to establish because a 
laparotomy was required and was of limited 
relevance for the study of rectal cancer for anatomi- 
cal an|d physiological reasons. 

Th4 purpose of this study was to develop an 
anirrujl model of rectal cancer. Intra-rectal injection of 
tumour cells into the mouse rectum resulted in the 
formation of local tumours with a pattern of meta- 
stases consistent with distal rectal cancer in 
humahs. 



METfHODS 
Cell l|nes 

The ririurine B16 F10 melanoma cell line was kindly 
provijied by Dr R. S. Kerbel (Samuel Lunenfeld 
~ Research Institute). CT26 Js a . murine anaplastic 
'colon) farcin originally induced by 

/?nM$^ cell line was 

geneitou^ 
jTexa^Med^ 

" zine-i educed 'fHUriU^^^iniS^^Kpmjr [8jf Obtained 
from Of M. ^ldrdi^ T {Rd a 
humaln colon aderiOMrcinomaJce (9] .provided 
by Dii J. Schlom (NIH).' Cells^ 
1640 iwith 10% fetal calf serum and passaged when 
confluent : 

Mice 

Studies with B16 and MCA38 tumours were carried 
out w|ith male C57BL/6J mice (Jackson Laboratories, 
Bar harbor, Maine), aged 6-8 weeks. For CT26 
experiments, female BALB/c mice (Jackson), aged 
4-5 vi/eeks were used. Female nude mice (Taconic, 
Gerrr^antown, NY) aged 6-8 weeks were used in the 
LS17^T studies. All animals were housed in the 
research annex of the Samuel Lunenfeld Research 
Institute. 

Technique 

Intrarectal injection. Animals were anaesthetized 
with Avertin, then placed in a supine position and 
the rectal mucosa prolapsed with digital pressure. 
Cells (in 50 /*l PBS) were slowly injected sub- 
mucqsally with a 30-gauge needle. 



Intra-caecai injection. A mid-line laparotomy was 
performed under general anaesthesia with Avertin. 
The caecum was exposed and exteriorized. Cells 
were injected into the apical lymphoid follicle of the 
caecum with a 30-gauge needle. The peritoneum 
was then closed in one layer and the skin was 
stapled with metal wound clips. 

There were no postoperative mortality or com- 
plications with either technique. The mice were 
observed for 30 days, then sacrificed. 

Histology 

Mice were sacrificed by cervical dislocation and the 
rectum and anus resected in continuity then fixed in 
10% neutral buffered formalin. A complete necropsy 
was also performed to identify metastases. The 
specimens were serially sectioned and processed 
for histological examination with haematoxylin and 

eosin. ■*>'■/ ilv^rch f- 

• "TV . •: > ' , :'" v/ ^^Q^3rS 

•* j-fey«c; : ^^^'^ 



RESULTS 



Turn o urigen icrty of B1 6 melanoma : subcutaneous- 
versus intra-rectal injection . ? 

Initial studies of intra-rectal tumour injection were 
carried out with B16 melanoma. Of 16 mice injected, 
15 developed rectal tumours within one week. Para- 
aortic lymph node metastases were noted in 11 of 
these animals (Fig. 1, left). Skin metastases also 
developed in one mouse (Fig. 1, right). Extensive 
local pelvic invasion occurred in most cases how- 
ever, bowel obstruction was not apparent. Another 
group of mice were injected subcutaneously with 
tumour cells to compare tumorigenicity of intra- 
rectal versus subcutaneous injections. Subcutane- 
ous tumours developed in 4 of 5 mice but 
metastases did not occur. These data are summar- 
ized in Table 1. 



Tumourigenicrty of intra-rectal injection of murine 
and human colon cancer cell lines 

Tumourigenicity of CT26 carcinoma was assessed 
by comparing intra-rectal, subcutaneous and intra- 
caecal implantations. As shown in Table 2, intra- 
rectal injections resulted in tumour take in 17 of 22 
animals with para-aortic lymph node metastases in 
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Figure 1. (Left) Para-aortic 
lymph node metastases 
(arrow) from B16 melanoma 
rectal :umour. (Right) Skin 
metas ases (M) from intra- 
rectal mplantation of B16 
melan 3ma. The skin of the 
abdominal wall has been 
dissected off the peritoneum. 

; fable 1. Comparison df^ri^a-rectal and subcutaneous 
; ihiactibn of &|6^melaWma: •' . 




Injection site ' . i; ^v, VB16 melanoma!, 



Uptake ; >. ; ; : : 
Time <o first 

turrjour (days)* 
Para-ajortic lymph 

noo^e metastases 



>^-i 15/16- 
11/16+ 



4/5 
10 

0/5 



18%. A typicai ,CT26 rectel turn 
. ■ -• . ; - - Subcutaneous and ihtra-caecal injections resulted in ;V 
. , tumour uptake in 5 of .5 -and 4 of 5;-animals^re^pec^ ; 

^ ^ JpMowinii..^ !infra-caecai- injection. Tumour uptake in ' 
; ?the rectum occurred reliably with as low as 10 5 CT26 



*Tum6ur size approximately 0.5 cm. 
1 2.5-^.5 x 10 5 cells injected. 
+One pnimal had skin metastases. 



cells. ' 

MCA38 murine adenocarcinoma reliably produced 
rectal tumours in C57BL/6J mice as did human 
adenocarcinoma LS174T when injected intra-rectally 
in nude mice (Table 2). In contrast to CT26, neither 
MCA38 nor LS174T tumours metastasized to para- 
aortic lymph nodes or the liver. 



Table 2. Tumourigenicity of intra- 
rectal, subcutaneous and intra-caecal 
injecti ?n of CT26 and intra-rectal 
injection of MCA38 and LS174T colon 
cancai cell lines 



Injection site 



CT 26 carcinomat 



MCA38 LS174T 
carcinoma^ carcinoma! 



Rectum Subcutaneous Caecum 



Rectum 



Rectum 



Uptake 


17/22 


5/5 


4/5 


20/20 


4/5 


Time to first 


7 


7 


N/A 


8 


14 


tumour (days)* 












Para-aortic lymph 


4/22 


0/5 


0/51 


0/20 


0/5 


node metastases 













•Tumour size approximately 0.5 cm. 
fO.5-1 x 10 s cells injected. 
$2.0 x 10 s cells injected. 
§1.0xiO B cells injected. 
ULiver metastases in 2 animals. 
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Flflure 2. Anal swelling by rectal 
tumour produced by intra-rectal 
implantation of CT26 colon 
carcinoma. A cotton-tipped 
applicator is inserted in the anus to 
evert the tumour. 



Histolbgy 



y\the'r^aion^fpf the tumourmasses*^ 
t vyrfth involvement of the muscufaiis ?f pr^^ 
. mucosa (Figs 3 and 4). Focal extension through the 
. muscularisj rnucosa into the ; pvertyirigi'rriucosa was 
notediih several -animals (Fig/4}V\ :^ 



DISCUSSION 

The purpose of this study was to establish an 
experimental animal model of rectal cancer. The 
anatomy of the rectum of the mouse is similar to 
that ojf the human [10]. The rectum is rich in blood 
supply and its lower part is drained by both the 
systemic and the portal circulations. The pattern of 
iympri node drainage is similar to humans, and thus 
the mjodel should be comparable to that of human 
rectal | cancer which is characterized by aggressive 
local jinvasion and high metastatic potential. We 
have (shown that submucosal injection of a single- 
cell suspension of cancer cells is capable of creating 
local lumours In the mouse rectum. We initially used 
B16 melanoma because it is known to be an aggres- 
sive tumour which grows rapidly and we wished to 
assess the feasibility of the technique. Indeed, we 
found that this cell line produced locally aggressive, 
invasiye tumours within a week of injection. Further- 



more, by -comparing 1 rectal with subcutaneous. 

genie when: injected into the rectum, and .occwionr; 
ally resulted in pararabrtic lymph i \noicie i mets^jEMfsV^ 
analogous to human rectal cancer. %v \v >},y* 

We subsequently showed that a colon ;cancenielfe< 
line (CT26) is also capable of producing local rectal^ 
tumours. CT26 is a murine colorectal carcinoma that 
mimics the clinical behaviour of the human disease 
[11]. It has a rapid growth rate and a high metastatic ; 
potential when injected intra-caecally or systemati- 
cally [11, 12). The lack of liver metastases following 
intra-rectal injections may be due to the distal site of 
tumour injection in an area of the rectum drained 
primarily by the systemic and not the portal circula- 
tion. Moreover, the rectal tumours appeared to grow 
faster than caecal tumours and the mice were 
usually moribund at one month possibly before 
macroscopic liver metastases could develop. 
MCA38, another murine colon cancer cell line also 
reliably produced rectal tumours following intra- 
rectal injection but no liver or para-aortic metastases 
suggesting that it is inherently less aggressive than 
CT26. Intra-rectal injection of the human colon 
cancer cell line, LS174T results in tumours in 80% of 
nude mice but also does not produce metastases. 
We have been unable to produce lung 'metastases' 
with tail vein injections of LS174T in nude mice 
(unpublished observations) suggesting that this 





Rpur* 3. Rectal tumour induced by the local injection of 
f> >/CT26;ic6loh i carcinoma line. 1 The tumour (f) is presenting 
:(y the sujbnnucosa. (Haematoxylin and eosin stain; original 
^ magnification . 



Figure 4. Rectal tumour induced by the local injectjon of , 
.B(S : r^ouse- melanojTia^e tumour (T) te.presen^:^^^^ 
submucosa. F^ajly, the malignant cells breach : ,^e r c -r 
muscularis.mucosajarrowf and extend into the mucosa. ; 
(Haematoxyiin and ebsin stain; original magnification 
X250\) 



tumojur xenograft is tumourigenic when injected into 
only ja few sites such as subcutaneously or ortho- 
topic^lly in the rectum. It could be argued that para- 
aortic} lymph node metastases following intra-rectal 
injection, as seen with B16 and CT26, occur only as 
a result of inadvertent injection into peri-rectal 
lymphatics. However, the lack of para-aortic lymph 
node I metastases with some of the cell lines (MCA38 
and tS174T) suggests that para-aortic lymph node 
tumours with B16 and CT26 represent true 
lymphatic dissemination from the primary rectal 
tumour. 

Thfe morbidity and mortality of rectal cancer that 
has failed conventional treatment can be profound. 
A recital cancer model can be used in testing new 
therapeutic modalities. A number of investigators, 
including ourselves, are examining the role of 
variojjs new treatment modalities such as photo- 
dynajnic therapy. We are now utilizing the model 
established here to assess the effect of intra-tumour 



versus systemic delivery of the photosensitizer 
(haematoporphyrin) required in this form of therapy. 
Other potential uses for the model include studies of 
adoptive immunotherapy and monoclonal anti- 
bodies [13, 14]. Growth of a colon cancer cell line in 
the rectum approximates human disease more 
closely than other models of colorectal cancer such 
as subcutaneous injection of carcinogens or intra- 
caecal injection of tumour ceils. We would expect 
that the model could simply be utilized to assess the 
effects of other novel treatments. 
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Helicobacter Colonization of Biopsy Specimens Cultured in Vitro Is 
Dependent on Both Mucosal Type and Bacterial Strain 

K MFYFP-ROSPFRr, T BFR^UNOH 
Ami a liissic Aii, Moinuai. Sweuen 

Meyer-Rosberg K, Bcrglindh T. Helicobacter colonization of biopsy specimens cultured in vitro is 
dependent on both mucosal type and bacterial strain. Scand J Gastroenterol 1996;31:434-441. 

Background: Colonization by Helicobacter pylori is strictly tissue-specific. We have previously reported 
on an in vitro adhesion model for pig and human gastric mucosa, in which biopsy specimens were 
successfully infected and cultured for 72 h. The aim of this study was to compare H. pylori colonization 
of different mucosae and by different Helicobacter strains. Methods: Specimens from pig, rabbit, and rat 
antrum, pig urinary bladder, and pig duodenum were inoculated with two H. pylori strains and one H 
mustelae strain. Four additional strains, including one mutant lacking tlagella. were compared on pig 
antral specimens. Results: The viability of all mucosae was comparable at 48 h of culture. The percentage 
ahdering bacteria increased with time in all mucosae, reaching 17%, 11%, and 2% in pig. rabbit, and rat 
antral mucosa, 1 1% in pig bladder, and 3% in duodenum at 48 h. The type of H. pylori strain was a strong 
determinant for adhesion in pig antrum. Strain SVA40 had the highest adhesion; the mutant lacking 
flagella colonized very poorly. H. mustelae adhered to all types of mucosae in a more unspecific manner: 
Conclusions: On the basis of tissue viability, bacterial colonization, and adhesion, pig antral mucosa is 
clearly superior. H. pylori strains differ in their ability to adhere to and colonize cultured mucosa. 

? ' . Key words: Gastric antrum; Helicobacter mustelae: Helicobacter pylori: in vitro; organ culture; pig: 

■ rabbit; rat; urinary bladder 

Karin Meyer-Rosberg, Dept. of Pharmaceutical Biosciences. Division of Pharmacology. Uppsala 
— ■ * • •: • University, Box '591, S-75L24 Uppsala. Sweden'{fax:- : ^'46^8 : 5SpiH) r • -• • 



behind the adhesion to the gastric mucosa is, however, 
lacking. 

Functional and relevant in vitro and in vivo models are of 
vital importance for the understanding of the pathogenic 
mechanisms of this bacterium. As far as is known at present, 
human gastric mucosa is the only naturally existing reservoir 
for//, pylori, and establishment of the infection in animals has 
been difficult (16, 17). Several animal models using closely 
related Helicobacter species that can induce inflammation in 
the gastric mucosa have been presented and are currently used 
to mimic H. pylori infection ( 18-20) but often do not have all 
the properties of the human pathogen. Animals susceptible to 
H. pylori infection include mice (21, 22), gnotobiotic beagles 
and pigs (23, 24), rhesus monkeys (25), and barrier-born pigs 
(26-28), of which several are expensive and cumbersome and 
require special housing. Several in vitro models describing 
adhesion of H. pylori have been presented, most of them 
being cancer cell lines such as HEp-2. KATO-HI, HeLa, and 
mouse Y-l adrenal cells (29-32) or freshly isolated human 
gastric epithelial cells (33, 34). However, saturated adhesion 
of //. pylori to these cells occurs very quickly (30min), 
probably due to unspecific binding. Our previous reports on 
the gastric mucosa biopsy culture model for studies of H. 
pylori adhesion to pig and human biopsy specimens showed 
an increased adhesion over a much longer period of time — 
that is, 72 h (35, 36). The pattern of//, pylori adhesion to pig 



Helicobacter pylori is now recognized as the major 
pathogenic factor for the development of gastritis type B, 
duodenal ulcer (DU), and, possibly, gastric ulcer (GU) and 
gastric cancer (1-7). A histologically verifiable antral 
inflammation is always seen when the bacteria are present. 
Why some of these patients develop duodenal ulcers is 
unknown, as the vast majority of the population infected with 
H. pylori remains symptom-free (8) in spite of an often 
enhanced acid secretion. The presence of specific ulcerogenic 
strains; of H. pylori would explain part of the pattern, as 
would the ability of the individual immune system to fight 
the in: ection. 

H. pylori has developed several important properties for 
survival in the acidic and highly viscous environment of the 
stoma :h. These include a strong urease activity, which 
through the conversion of urea to ammonia is able to protect 
the bacteria from the low pH (9. 10), and a high mobility 
through the mucus, using the four to six polar flagella. The 
movements towards its final destination underneath the mucus 
layer iare facilitated by the production of substances that 
decrease surface hydrophobicity (11) and/or degrade the 
glycoprotein structure of the mucus (12). Adhesion of H. 
pylori to mucus and to epithelial cells is thought to be 
important for establishment of infection and is thought to be 
mediated through specific recognition and receptor sites 
(13-15). A more detailed understanding of the mechanisms 
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Table I. Viability of in vilro*infected biopsy specimens 





24h 


48 h 


72h 


n 


Antrum 

Pig 

Rabbit 


12.9 ± 2.8 (100%) 
14.1 i 2.4 (100%) 


11.612.2(89%) 
12.6 ±2.5 (91%) 


11.3 13.4 (87%) 
8.5 ± 2.0* (60%) 


28 
5 


Pig bladder 


*Z8 ± Z0 (i(K)%) 


i 4 . i ,2. rfi.O \ '.» ^ • v j 

6.3 ± 1.8 (80%) 


3^9 ± L8* (50%) 


5 



DPMft x 10 3 per 3. Each 24-h period was measured separately. 

• Significantly lower J H-lcucinc incorporation than at 24 h (percentage viability compared with 24 h). n = number of experiments. 



antral specimens closely resembled that of human gastric 
mucosa (3&), and electron micrographs show an intimate 
contact between H. pylori and microvilli/epithclial cells (37). 
Further, since the mucosal specimen is intact, with a 
functioning mucus production, we believe that this model 
more closely resembles the in vivo conditions than other in 
vitro models and would thus be more suitable for studies of//. 
pylori adhejsion. These findings further support the use of pig 
also for inlvivo studies, which have been done using both 
gnotobiotid and barrier-born pigs (23, 26-28). 

The aimp of this study were to in vitro 1) verify original 
observation from the pig; 2) show tissue/species specificity; 
3) show tissue suitability; arid 4) investigate bacterial/strain 
specificity. . ' ^ <"■' 

MATERIALS AND METHODS 
Pig mucosa 

Mucosa Ifrom antrum, duodenum, and urinary bladder from 
the pig weue used in this study. All parts were collected at the 
slaughterhouse within 20 min after slaughter. The stomach, 
duodenum, and urinary bladder were cut opened and rinsed 
with 0.9% INaCl. A piece of approximately 5 x 5 cm was cut 
out from the stomach (antrum), from the duodenum (5 cm 
below the pyloric sphincter), and from the bottom of the 
urinary bladder and immediately transported to the labora- 
tory. Antral mucosa from 28 pigs, urinary bladder from 6 pigs, 
and duodenal mucosa from 6 pigs were included in this study. 
Mucosal biopsy specimens were prepared as previously 
described (35, 36). In brief, the mucosa was separated from 
the muscle layer, and 2-mm-wide specimens were punched 
out. Specimens were cultured with the mucosal side up on 
stainless sjeel grids with capillary contact to 1.5 ml culture 
medium ir tissue culture dishes and incubated in air plus 1% 
C0 2 at 37 'C The total preparation time was approximately 
2h and 3) min. After 6h in culture, at which point the 
mucosae had adhered to the grid, specimens were inoculated 
with //. pylori or H. mustelae (35, 36). The culture medium 
used was a modified Autrup*s medium in which penicillin and 
streptomycin were replaced by nalidixic acid, 20ug/ml; 
amphotericin (Fungizone*), 0.25 ng/ml; and Skirrow's anti- 
biotic supplement, 0.4 ml/100 ml medium (Oxoid, Ltd., cat. 
no. SR-64). Specimens inoculated with H. mustelae were 



exposed to medium as above with the exclusion of nalidixic 
acid. All antibiotics except amphotericin were used in 50% 
concentrations when culturing specimens from bacteria-free 
rats, since the occurrence of contaminants was low in this 
tissue. The viability of the specimens was examined through 
the incorporation of 3 H-leucine. 3 H-labeled leucine was added 
to the culture media in a concentration of 2 \iCVm\ (73 kBq), 
which together with the regular leucine resulted in a total 
concentration of 62 jig/ml. The number of //. pylori was 
followed up throughout the cultivation period with samples 
taken after 6 (time of inoculation), 24, 48, and 72 h. 



Rat antral mucosa ' M 

Due to the insurmountable problem of bacterial contam- 
ination in the normal rat stomach, bacterium-free Sprague— 
Dawley rats weighing 150-200 g (kindly provided by Prof. T. 
Midvedt, Karolinska Instituted Stockholm, Sweden) were 
used in this study. Rats (n = 5) were killed with 1.5 ml 
pentobarbital, lOOmg/ml intraperitoneally, after, which the K 
stomach was removed. The stomach was cut opened and 
gently rinsed with NaCl, and the antral part removed. Biopsy 
specimens were punched out as described above. 

Rabbit antral mucosa 

Four female New Zealand White rabbits (obtained from 
Estuna, Sweden) were given liml pcntobarbital/kg 
(Mebumaf* ) intravenously in a concentration of 30 mg/ml. 
The stomach was removed, cut open, and gently rinsed in 
NaCI, after which the antral part was cut out and specimens 
punched out (as above). 

Strains 

Two H, pylori strains were used in all types of mucosa. One 
was the type strain NCTC 11637, and the other was a strain 
named SVA40, isolated from a 42-year-old patient with a 
long history of peptic ulcer disease. SVA40 is a strain kept in 
our laboratory for several years and is known to establish 
infection in our barrier-born pig in vivo model (26-28). H. 
mustelae type strain CCUG 25715 was also tested on all types 
of mucosa. Two additional H, pylori strains were tested in 
specimens from pig antral mucosa only. These strains were 
freshly isolated and included AP2, a strain from a duodenal 
ulcer patient undergoing gastric surgery, and VBG4, from an 
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% Adhesion 



Pig antrum (n=28) 
Rabbit antrum (n=4) 



before inoculation. The number of bacteria was followed by 
viable count throughout the cultivation period with samples 
taken at 6, 24, 48, and 72 h of total incubation time. Viable 
count was performed after a vigorous rinsing procedure (five 
times in 30 ml NaCi on a Vortex mixer for 30 sec each time 



20- 



10 



Pig duodenum (ne<) 
Pig bladder (n=<) 



P-.0.05 













p«O.0S 




x ft. J 











24 



72 

TIME (h) 



UlC SpCCHUcIi Vda fcioUTiu tu a itiOiiai ill i iUi oaUl lOl 1 ttiirt. 

One hundred microlitres were spread out, direct and after 
dilution, on blood agar plates and incubated for a minimum of 
3 days before colony-counting. By performing viable count 
also in the rinsing water, the total number of bacteria before 
and after rinsing could be calculated at each time point. 

Our previous studies (35, 36) show that the inoculum varies 
between 10 A and I0 7 , but that this variation is not reflected in 
the amount of adhering bacteria (after rinsing) at the different 
time points. 

An additional method to describe the adhesion is to express 
the increase in adhesion as AUC (area under the curve, 
percentage x hours; see Fig. I for comparison) which shows 
the trend over the entire cultivation period. 

Statistics , : 

" All yariabies were studied in at least four specimens at each 
time point in each experiment (n). In general, 130-180 
specimens were .cultured in parallel. Owing to practical 
limitations, all strains could not be tested in all experiments K 
(see tables! and .figures). Unpaired two-tailed / test was-; , 
used > for statistical evaluation: *p < 0.05; **p < 0.01; _ 
**V < 0.001; and NS = not significant. 



Fig. I. Change in the percentage of viable Helicobacter pylori of 
strain SVA40 associated with different mucosae (after rinsing) 
during 72 h. Each point represents the mean value of the 
experiments of each mucosae (n). Four biopsy specimens were 
examined at each time point in each experiment. Statistically 
significant differences (p < 0.05) are noted by bars. Initially the 
rabbit antrum supported the adhesion best; at 72 h the pig antrum 
was superior to all other mucosae. 



unsymptomatic patient undergoing gastric surgery owing to 
morbid obesity. In addition, strain 69Am, a genetically 
manipulated mutant lacking fiagella, and its parent strain, 69A 
(kindly provided by Dr. Haas, Max-Planck-Institut, Tubingen, 
Germany), were tested in pig antral specimens. All strains 
were cultured on blood agar plates in a microaerophilic 
atmosphere during 48 h before inoculation (35,36). The 
strains were passed a maximum of 10 times before 
inoculation. 

Inoculation and detection of H. pylori 

Aftejr 6 h in culture, biopsy specimens were inoculated with 
approximately 10 6 H. pylori or 10 6 -10 7 H. mustelae per 
specimen with an inoculation loop. All strains were cultured 
on blood agar plates in a microaerophilic atmosphere for 48 h 



RESULTS 

Biopsy viability 

The viability of specimens infected with H. pylorilH, 
mustelae is presented in Table I. The 3 H-leucine incorporation 
at 24 h was arbitrarily set at 100% and compared with the 48- 
h and 72-h values. As shown in Table I, no significant 
difference in viability was seen for the first 48 h. However, at 
72 h only pig antral and pig duodenal mucosae showed a 
steady leucine uptake. 

Adhesion to different mucosae 

The adhesion of strain SVA40 to the different types of 
mucosal specimens up to 72 h of culture (66 h after 
inoculation) is presented in Fig. 1. Only a small fraction of 
bacteria was attached to the specimen at t = 0, ranging from 
0.04% in pig antrum to 0.5% in rabbit antrum. The number of 
H. pylori adhering to the pig antral specimens increased 
almost linearly throughout the incubation time, having 
reached 26% at 72 h. In contrast, the adhesion to rabbit antral 
specimens increased sharply during the first 24 h (10.6% 
adhesion) but then remained at that level. The progression of 
adhesion to rat antral and pig duodenal mucosa was sluggish. 
Interestingly, the mucosa from the urinary bladder gave an 
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n«5 n*2S cib4 n»5 n«5 n«4 n-4 n-4 o»4 ns4 ns6 n»4 n«6 nv6 a«3 
p<g antrum rat antrum rabbit antrum pl{ urinary bladder pig duodenum 



Fig. 2. Percentage viable bacteria of three different Helicobacter strains associated with rinsed mucosae 
of different types after a) 48 h and 2 b) 72 h of culture. Each point represents the mean ± SD of the 
experiments (n). Four biopsy specimens were analysed at each time point in each experiment. Statistical 
analysis is made by comparison with the values for the respective strain associated with pig antral 
mucosa. *p < 0.05. 



adhesion pattern very similar to that of pig antral mucosa for 
the first 48! h. 

Specificity of strain 

To cormare the different strains (NCTC11637, SVA40, 
and H. mu 'telae) used in this study, the percentage adhesion 
of the strai is to different types of mucosae at 48 h and 72 h is 
shown in Fig. 2a and b. AUC values for the different mucosae 
and strains are presented in Table III (up to 48 h). 

Adhesio t at 48 h. Of the two //. pylori strains, SVA40 
showed the best adhesion to all mucosae, reaching 17% in the 
pig antrum (Fig. 2a). However, at the same time, H. mustelae 



displayed a 26% adhesion to this type of mucosa. This 
superiority was not general, since SVA40 gave higher values 
in rabbit antrum, pig duodenum, and pig bladder. Of the 
different mucosae, pig bladder best supported type strain 
NCTC 11637, with 7% adhesion, compared with 5% for pig 
antrum. 

Adhesion at 72 k The data should be interpreted with some 
caution since only pig antral and pig duodenal specimens 
showed a constant protein synthesis for 72 h. A decrease in 
protein synthesis might affect adhesion properties of the 
mucosae. SVA40 again showed the best adhesion properties 
within the H. pylori class, with the exception of urinary 
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Tablejll. Amount of viable (log 10) Helicobacter pyiori (SVA40) in biopsy specimens. All mucosae are compared with pig antrum for 
statistical evaluation 



i 


6h 


24 h 


48h 


72h 


n 


Antrum 










28 




2.5 £ 0 6 


4.2 ± 0.7 


5.1 £0.8 


5.4 ± 0.7 


pig duodenum 
pig bladder 


2*7 ± 0.6 


3^8 ± G\8 


4.2 ± O.8 0 


4.4 2: 0.8 *• 


6 


2.2 ± 0.4 


3.6 ± 0.5* 


4.3 i 0.5* 


4.3 ±0.3"* 


6 



n =i Number of experiments. Four biopsy specimens were examined at each time point; values represents the mean of all specimens. 
*p < 0.05: — p < O.Ot; 9mm p < 0.001; t = higher than pig antrum. 



bladder, where NCTC 11637 was superior. H. mustelae 
showed at this time point high adhesion to all types of 
mucosae, with some preference for non-antral types. 

Amount o/H. pylori in specimens 

The amount of bacteria actually adhering to the specimens 
gives information in addition to adhesion data. This is 
presented in Table II for SVA40 association with different 
mucosae. The amount of bacteria attached to the specimens is 
very low at the time of inoculation in all types of mucosa 
(160-430 H. pylori) with the exception- of rabbit antral 
mucosa (4.0 x 10 3 viable H. pylori). Even though the amount 
of bacteria adhering to the ; specimens increased with 
incubation time in pig antrum,: pig; urinary bladder, and pig 
duodenal specimens, the amount of bacteria was much higher 
in pjg antral specimens — that is, 2.7 x 10? at 72 h-^as 
compared with 2.1 x 10 4 in urinary bladder and 2.8 x 10 4 
in duodenal specimens. In rabbit antral specimens the number 
of viable H. pylori reached its maximum of 1.9 x 10 5 ;already ^ 
at 24 h and did not increase further. The lowest amount of 
bacteria adhered to rat antral specimens, reaching* only 
3.8 x 10 3 and 1.7 x 10 4 after 48 and 72 h, respectively. 

Adhesion of different strains to pig antral mucosa 

The adhesion of the six different //. pylori strains and one 
H. mustelae is shown in Fig. 3. The adhesion of all strains was 
very low at 6 and 24 h but increased with cultivation time and 
showed a maximum at 72 h, with the exception of H. 
mustelae, which reached its maximal adhesion of 26% already 
after 48 h. It should be noted, however, thai the same amount 
of H. mustelae adhered to the specimens at 72 h but that the 
amount of loosely attached bacteria had increased dramati- 
cally, resulting in a decrease in the percentage bacteria 
adhering. Strain SVA40 gave the highest percentage adhe- 
sion, reaching 26% at 72 h. As shown in Fig. 3, the pattern of 
adhesion was similar in strains VBG4, NCTC 11637, 69A, 
and AP2, in that the adhesion increased time-dependently 
throughout the cultivation time, but the degree of adhesion 
differed between strains. The strain with the lowest adhesion 
was (he mutant lacking the gene coding for flagella, which 
resulted in a final adhesion of only 3%. The H. pylori strain 
lacking flagella adhered significantly less than its parent strain 
(9% at 72 h). The increase in adhesion was also calculated as 



AUC (Table III). Results confirmed that SVA40 adhesion was 
significantly superior to all other H. pylori strains. The strain 
lacking flagellae had a significantly lower AUC than its parent 
strain. 



% Adhesion 
30-1 



25 



20 



IS 



10 



NCTC 11637 (n=S) 
SVA 40 (n=2S) 
AP 2 (n=3) 
VBQ.4 (n=3> , 
«? A; (n=5) 
•sfrAto (n=5) 
II muslelie (n=5) 




p-0.05 



Fig. 3. Percentage viable bacteria associated with rinsed pig antrum 
after inoculation of seven different Helicobacter strains during 72 h. 
Each point represents the mean value of the experiments (n). Four 
biopsy specimens were analysed at each time point in each 
experiment. Statistical analysis (see Table III) showed that the 
mucosal association of SVA40 was superior to .all other strains 
except H. mustelae and that the parent strain 69A had better 
adherence than the mutant- lacking flagella (69 Am). 
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Table III. Area under the curve (AUQ of different strains on pig 
antrum at 6^-72 h 



Strain 


AUCf 


n 


SVA40 


790+ 94 


28 


NCTCU63? 


300 ± 48 w 


5 






j 


69A 


291 t 94* 1 


5 


69Am 


68 ± 27"*; J 


5 


Helicobacter 


962 t 109^ 


5 


mustelae 







♦ p < 0.0$\ "p < 0.01; •••p < 0.001. 
t iSEM.i 

t Paired, (one-tailed t test. 
DISCUSSION 

The humai i gastric mucosa seems to be a unique matrix for 
survival afrid colonization of H. pylori. In fact, once 
established, a lifelong infection is likely to be the result. 
Such a 'perfect host' must have several specific features 
appreciated by /7. pylori, such as nutrition, protection, and 
lack of cojnpetition (space). H, pylori must recognize both 
specific sites in the mucus and unique receptor sites on the 
epithelial iells. In this environment there might be typical 
cherhotactifc signals guiding the bacteria, and since a stressed 
-//. pylori very rapidly undergoes morphologic transformation 
into a sturdy coccoid form, there must be warning receptors 
sensing the chemical environment. Ail these features will be 
highly species-specific, and thus H. pylori is adapted to 
conditions in the human gastric mucosa. Accordingly, it is 
difficult to establish //. pylori in a different environment, 
such as in different animal models. Minimum requirements 
for a suitable host of H. pylori must be that the general 
environment provides a growth matrix for the bacteria and 
that adhesion to mucus and epithelial cells can occur. 

Detailed studies of bacterial colonization can only be 
performed! in vitro, and for this purpose several models have 
been tried. 'Most reports concern transformed cancer cell lines 
with questionable relationship to the normal gastric mucosa. 
Saturable 'binding* occurs within 30min, no mucus is 
present, and there does not seem to be any selectivity between 
different H- pylori strains (29-32). In the few reports dealing 
with freshly isolated gastric epithelial cells, similar findings 
are reporte 1 (33, 34). Although the isolated cell systems could 
be used to address some specific questions, the complexity of 
H. pylori < :olonization in most cases calls for a model that 
better rese nbles the in vivo situation. 

This is i he first study in which mucosal biopsy specimens 
from seve al animal species and from several organs have 
been cultu ed for up to 72 h and compared. Results from this 
study furtr er verify our previous reports on the advantage of 
using pig s ntral specimens for studies of//, pylori adhesion in 
vitro (35) Our previous studies also included culture of 
human specimens, to which bacteria showed an adhesion 
pattern very similar to that in the pig (36). Since the pig is one 
of the few animals susceptible to H. pylori infection in vivo, it 



was of interest to compare this type of mucosa with gastric 
mucosa from other animals and with non-gastric mucosae. 

In the evaluation of the data presented here it is important 
to consider that the adhesion to the mucosa in vivo depends on 
several dynamic factors, like immune system, acid secretion. 

This will lead to a lower relative adhesion, compared with the 
cultured in vitro mucosa, which lacks these factors. Thus in 
vitro we will directly measure colonization and •receptor'- 
dependent properties. 

Tissue specificity 

The usefulness of the pig gastric mucosa as a matrix for H. 
pylori colonization was clearly illustrated in this study in that 
pig antral mucosa provided a superior milieu for growth and 
binding of H. pylori as compared with other antral mucosae 
and non-gastric mucosae. There are no reports that either the 
rabbit or the rat has been successfully infected with H. pylori 
in vivo. Although the initial adhesion to the rabbit antral 
mucosa was impressive, this mucosa showed a profound 
stickiness and a different time dependency. In humans the 
duodenum is not colonized by H. pylori s unless gastric 
metaplasia exists. Our data indicate that pig duodenal mucosa 
might serve as a matrix, but the amount adhering is 10 times 
lower than for the pig antral mucosa. StnceV;all pig tissue 
originated from slaughterhouse pigs, subjected;. to < the stress? 
associated with breeding and slaughter, -the ; existence of ; 
gastric metaplasia in the duodenum is possible but was not 
determined. - ih .-V ■ -:iv 

In man the urinary bladder is a well-known site forj 
adhesive bacterial infection. In fact, receptor sites for< bacteria, < 
are probably better characterized in the bladder mucosa, than . 
in any other tissue. The finding that H. pylori could grow and f> 
progressively adhere to this mucosa was surprising and of 
potential future interest, since this model thus might be used 
for receptor mapping. Whether similar H. pylori binding sites 
are present in human bladder mucosa is unknown. 

Tissue suitability 

All mucosae had good viability for 48 h, but the only 
specimens having a consistent leucine incorporation through- 
out the cultivation period were pig antral and duodenal 
specimens. Unpublished data from this tab show that it is 
possible to culture pig antral specimens with maintained 
viability for up to 96 h. 

Bacterial strain 

In contrast to reported data of //. pylori adherence to 
isolated cells (34), the type of H. pylori strain was an 
important determinant for adhesion and colonization of antral 
specimens (Fig. 3). It is well known that strains differ in 
properties like urease production, motility, cytotoxicity, 
enzyme production, and their ability to agglutinate erythro- 
cytes (38-41). To this list we can now add the ability to 
colonize and adhere to antral biopsy specimens. It is unknown 
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whether the above-listed properties are important for the 
association to the mucosa or whether the strains differ in their 
expression of adhesion molecules, chemotactic recognition, 
nutrierjt utilization, and so forth. Genetically manipulated 
strains iof H. pylori will be available to test these hypotheses. 

specimens were inoculated with a bacterial strain lacking the 
gene coding for the flagellae, a diminished adhesion (%) and a 
lower total number of bacteria colonizing the specimens were 
found. It is highly unlikely that this strain would be infectious 
in vivo owing to its inability to move away from the acid into 
the mucus. The latter reasoning is corroborated by studies in 
gnotobiotic piglets, in which a selected strain with low 
motility was unable to induce a sustained infection (42). 

H. mustelae 

In contrast to the human Helicobacter type, H. mustelae did 
not seem to be as fastidious, since it in general showed very 
good colonization abilities. This correlates to in vivo studies 
in the ferret showing that H. mustelae adheres deeper and 
closer to the epithelium than H. pylori in humans (43). In our 
biopsy model the total number of viable bacteria' associated 
with the specimens was considerably higher than for H. 
pylori; reaching at least 10 5 already at 48 h in all types of 
mucosae extept 5 me' uri 

knowledge 1 beerrtned to a very limited extent in different 
animal - models/' ■ whereas v the non-adhering H. felis is' 
successfully used to inoculate mice (20). 

i: : v.,.~ *.:.}:. ■".-'».• 

Conclusion ~- 

• The: present study has clearly shown that pig; gastric 
specimens: provide the best adherence and growth matrix for 
H. pylori compared with antral mucosa from other species. 
The pig antral mucosa is sturdy and shows good viability and 
a maintained mucus layer for 72 h. The pig mucosa seems to 
be able to support and distinguish between the adhesion 
properties of different H. pylori strains. It is very likely that 
the adherence capabilities are an important link with the 
virulence and pathogenicity of each strain. Two H. pylori 
strains where directly compared in all mucosae, and in all 
gastrointestinal-related tissue SVA40 was clearly superior to 
type strain NCTC 1 1637. However, these two strains showed 
the same adherence to pig bladder mucosa, a finding that 
might help to understand bacteria/receptor interactions. 

ACKNOWLEDGEMENT 

The authors greatly appreciate the generosity of Pharmacia 
AB, Pharmaceuticals, Uppsala, in providing facilities. 



REFERENCES 

1. Borody TJ, Cole P, Noonan S, Morgan A, Lennc J, Hyland L 
Recurrence of duodenal ulcer and Campylobacter pylori 
infection after eradication. Med J Austr 1989;151:431-5. 



2. Forman D f Newell DG. Fullerton F, Yamell JWG, Staccy AR. 
Wald N. et al. Association between infection with Helicobacter 
pylori and risk of gastric cancer: evidence from a prospective 
investigation. BMJ 1991;302:1302-5. 

3. Graham DY. Campylobacter pylori and peptic ulcer disease. 
Gastroenterology 1988;96:615-25. 

j, m..^v-mtv s « .-» r .%.. u.r.,.i.-, r)P rt pr 

Austr 1985;142:436-9. 

5. Marshall BJ, Warren JR. Unidentified curved bacilli in the 
stomach of patients with gastritis and peptic ulceration. Lancet 
1984;1:1311-4. 

6. Parsonnct J. Freidman GD. Vandcrsteen DP, Chang Y. Vogel- 
man JH, Orentrcich N, el al. Helicobacter pylori infection and 
the risk of gastric carcinoma. N Engl J Med 1991 ;325: 1 127-31. 

7. Sipponen P, Kekki M, Siurala M. The Sydney system: 
epidemiology and natural history of chronic gastritis. J 
Gastroenterol Hepatol 1991;6:244-51. 

8. Faltingborg J, Poulsen LO, Grove A, Tcglbjaerg PS. Frequency 
of Helicobacter pylori and gastritis in healthy subjectes without 

strointeslinal symptoms. Scand J Gastroenterol I992;27: 



9. Eaton KA, Brooks CL, Morgan DR, Krakowka S. Essential role 
of urease in pathogenesis of gastritis induced by Helicobacter 
pylori in gnotobiotic piglets. Infect Immun 1991;59:2470-5. 

10. Marshall BJ, Baretl U, Prakash C. McCallum RW. Guerrant 
RL. Urea protects Helicobacter (Campylobacter) pylori from 
the bactericidal effect of acid. Gastroenterology 1990;99: 
697-702. v . v 

11. Goggin PM; Marrero JM. Spychal RY. Jackson PA, Corbishely 
CM, Northfield TC Surface hydrophobicity of gastric mucosa in 
Helicobacter pylori infection: effect of clearance and eradica- ; 

: ^tioh" Gastroenterology 1992;103:1486-90. t 'Ai»^p : ifl/ 

.>12.i.Slomiany ;BLo! Bilskt J,,Sarosiek J, Murty VLN, Q^jUi^$/ 
\ . . . V anHo'rn K* let zi Campylobacter pyhridis degrades mucin r ancr 5 
: undermines gastric mucosal " integrity . Biochem i Bibph'ys': Res * 
Commun 1987;144:307-14. —V . , ^ 

13. Bode G, Malfertheiner P. Ditschuneit H. Pathogenic impli- 
cations of ultrastructural findings in Campylobacter pylori- 

: related gastroduodenal disease. Scand J Gastroenterol .1 988;23 
Suppl 142:25^-39:, . , >. "Uvwv 

14. Hazell SL, Lee A, Brady L Hennessy W. Campylobacter 
pyhridis and gastritis: association with intracellular spaces and 
adaptation to ah environment of mucus as important factors in 
colonization of the gastric epithelium. J Infect Dis J986;153: 
658-63. 

15. Hcssey SJ, Spencer J, Wyatt Jl, Sobala G, Rathbone BJ, Axon 
ATR, et al. Bacterial adhesion and disease activity in 
Helicobacter associated chronic gastritis. Gut 1990;31:134-8. 

16. Canlorna MT. Inability of human clinical strains of Helicobacter 
pylori to colonize the alimentary tract of germfree rodents. Can J 
Microbiol 1989;36:237-41. 

17. Ehlers S, Warrelmann M, Hahn H. In search of an animal model 
for experimental Campylobacter pylori infection: administration 
of Campylobacter to rodents. Zentrabl Bakteriol [B| 1988; 
268:341-6. 

18. Fox JG, Cabot EB, Taylor NS, Laraway R. Gastric colonization 
by Campylobacter pylori subsp. mustelae in ferrets. Infect 
Immun 1988;56:2994-6. 

19. Gottfried MR, Washington K, Harrell U. Helicobacter pylori- 
like microorganisms and chronic active gastritis in ferrets. Am J 
Gastroenterol 1990;85:813-8. 

20. Lee A, Fox JG, Otto G, Murphy J. A small animal model of 
human Helicobacter pylori active chronic gastritis. Gastroenter- 
ology 1990;99:1315-23. 

21. Karita M, Kouchiyama T. Okita K, Nakazawa T. New small 
animal model for human gastric Helicobacter pylori infection: 
success in both nude and euthymic mice. Am J Gastroenterol 
1991;86:1596-602. 

22. Marchetti M, Arico B, Burroni D, Figura N, Rappuoli R, Ghiara 
P. Development of a mouse model of Helicobacter pylori 
infection that mimics human disease. Science 1995;267:1655-8. 

23. Krakowka S, Morgan DR. Kraft WG, Lcunk RD. Establishment 



18069302 



Helicobacter Colonization in Vitro 441 



of gastric 
gnotobipti 
24. Radin 



Campylobacter pylori infection in the neonatal 
ic piglel. Infect Immun 1987;55:2789-96. 
Eaton KA, Krakowka S. Morgan DR, Lee A, Otto G. 
Helicobacter pylori gastric infection in gnotobiotic beagle dogs. 
Infect Inmun 1990;58:2606-12. 
25. Baskenlitle A, Newell DG. Naturally occurring chronic gastritis 



26. Engstrahd L, Gustavsson S, Jorgensen A, Schwa n A, Scheinius 
A. Inoculation of barrier-born pigs with Helicobacter pylori, a 
useful }ntmat model for gastritis type B. Infect Immun 1990; 
58*1763—8. 

27. Engstrahd U Rosberg K, Hubinette R, Berglindh T, Rolfsen W, 
Gustavsson S. Topographic mapping of Helicobacter pylori 
colonization in long-term infected pigs. Infect Immun I992;60: 
653-*. 

28. Meyer-|Rosberg K, Gustavsson S. 'C-urca breath test for 
diagnosis of experimental Helicobacter pylori infection in 
barrier torn pigs. Gut 1992;34:594-8. 

29. Fauchc|e J-L, Blaser Ml. Adherence of Helicobacter pylori ceHs 
and their surface components Co He La cell membranes. Microb 
Pathogen 1990;9:427-39. 

30. Evans DG, Evans DJ, Graham DY. Receptor-mediated adher- 
ence of Campylobacter pylori to mouse Y-l adrenal cell 
monolayers. Infect Immun 1989;57:2272-8. 

31. Nemanl-Simha V, Megraud F. In vitro model for Campylobacter 
pylori adherence properties. Infect Immun 1988;56:3329-33. 

32. Wyle HA, Tamawski A. Dabros W, Gergely H. Campylobacter 
pylori interactions with 'gastric ceil tissue culture. J Clin 
Gastroenterol 1990;12 Suppl 1:S99-I03, \ ^ ; 

33. Clyne.M.. Drumm ,B.„ Adherence of Helicobacter pylori to 
primary human gastrointestinal cells.'" Infect' Immun 1993:61 : ; 

34. Snioot :DT, ; Resau J H, Naab . T, . Desbordes : BC Gilliam '\>%\k- 

".Received 30 June 1995 \ . ; t 

Accepted 8 November 1995 



Bullhenry K, et al. Adherence of Helicobacter pylori to cultured 
human gastric epithelial cells. Infect Immun 1993;61:350-5. 

35. Rosberg K, Hubinette R. Nygird G, Berglindh T, Rolfsen W. 
Studies of Helicobacter pylori in a gastric mucosa in vitro 
animal model. Scand J Gastroenterol 1991;26:43-8. 

36. Rosberg K, Berglindh T, Gustavsson S. Hubinette R, Rolfsen W. 



1991;26:1179-1187. 

37. Meyer-Rosberg K. Pig gastric mucosa as a new functional 
model for long term studies of Helicobacter pylori colonization 
in vitro and in vivo [thesis]. Acta Univers Upsal 1994;ISBN 
9t-554~3246M:50. 

38. Lelwala-Guruge J, Ljung A, Wadstrom T. Haemagglutination 
patterns of Helicobacter pylon. APMIS 1992;100:908-13. 

38. Dunn BE, Campbell GP, Perez-Perez GI, Blaser Mi. Purification 
and characterization of urease from Helicobacter pylori. J Biol 
Sci 1990;265:9464-9. 

39. Figura N f Guglielmetto P, Rossolino A Barberi A, Cusi G, 
Musmanno RA, et al. Cytotoxln production by Campylobacter 
pylori strains isolated from patients with peptic ulcers and from 
patients with chronic gastritis only. J Clin Microbiol 1989;27: 
225-6. 

40. Crabtree JE, Figura N, Taylor JD. Bugnoli M, Armellint D. 
Tompkins DS. Expression of 120 kilodalton protein and 
cytotoxicity in Helicobacter pylori. J Clin Pathol 1992;45: 
733-4. 

41. Eaton KA. Morgan DR, Krakowka S. Motility as a factor in the 
V colonization of gnotobiotic piglets by Helicobacter pylori. J 
flW-Med MicrobioM992;37:123-7. , ^ 

42. f O*Rourke J, Lee A, Fox JG. An ultrastructural study, of 
J; >-V Helicobacter mustetae and evidence of a specific; ^ association 
£ n& with gastric mucosa. J Med Microbiol 1992;36*42b^7;- : .; "■ "'-V *' ■ 



«.i A 
a.i, }&> 



C? < , i 

; H ; ' ; ' ■ 



S 
j 

i 




A GENUINE MERRIAM-WEBSTER 

The name Webster alone is no guarantee of excellence. It is used by a 
number of publishers and may serve mainly to mislead an unwary buyer. 

the purchase of dictionaries or other fine reference books. It carries the 
reputation of a company that has been publishing since 1831 and is your 
assurance of quality and authority. 




Copyright © 1996 by Merriam-Webster, Incorporated 
Philippines Copyright 1996 by Merriam-Webster, Incorporated 



Library of Congress Cataloging in Publication Data 
Main entry under title: 

Merriam- Webster's collegiate dictionary. — 10th ed. 

}'»''* •■'-< P.-**: ''cnu. 

I ncludes : iridcx\£Vv V-r 7 

ISBN.£87779-708-b;(unindexed : alk. paper). — ISBN 0-8777?|709r| fed^^^WII^Mp 





Merriam- Webster's Collegiate® Dictionary, TenthEdition principal copyright* 1993 
COLLEGIATE is a registered trademark of Merriam-Webster, Incorporated 



- V> 



All rights reserved. No part of this book covered by the copyrights hereon may be 
reproduced or copied in any form or by any means — graphic, electronic, or mechani- 
cal, including photocopying, taping, or information storage and retrieval systems — 
without written permission of the publisher. 



Made in the United States of America 



13141516RMCN96 



litovllv (, 7 4 5.i l : c 

^.^o^bmg that is mefTi£nt 

Tl£r€A b : wasteful of tinjc or i 
. r . d ^? AB LE. INCOMPETENT < 

C JS(n3l): not elastic: as 
Editions b:«Hn-EXiBt. t l 

»-$(»-)ic- r >: " \' .. . 

■QV7) :■»■«■**.■'• . 
particles change into ^ i-» 

mqir> • a scattering of partid a as 
ich thi ^tal kinetic energy of the e ^ 

/.\*\ h (1726) : lack of ele jance'fc 

41 1370) : Ueking in wTmen »t.«nS 

X»t\««(c» .MM»« — 

■ • ~o.ta~.tud. -tty^^ n l L « J 

■Saute of being inept; esp: u c 

*™_l«-w*v of matter 
k . an analogous 

, . UNESSENTIAL ^^T^/tHS 

nputed <*^\pin3aff 

ty \ ,ne-v3-t>- w ^jg 
/V ble\«<v<» 5c) li jf 



v correct or trw . .naccurate <an — translation) 2 : not 
£ *bd careful <an ~ thinker) — in-eicactly VtokOMCV adv 

* ^1(,tt^ .t^liid. MyUdN n [F, fr. mexoct] (1782) 
exactitude or precision 2 : an instance of ^exactness 
■tf^n-ik.'sd-sas also -'chdA «/* [LL, on high] (1602) : in 

JaMe U-nik-<skyU-r*bal\ adj [ME. fr. L inexcusabili^ fr. , m- 
uXfis excusable] (15c) : being without excuse or justification 
E5os.able.ncss n — in-ex-cus-ably VblcA adv 
* ItSSe \J-nig>zo-sta-bai\ «</ (1601) : not exhaustible: as a 
VAf bang used up <— riches) b : incapable of being wea- 
a ouKan ~ hiker) - in-ex.haust.ibiU-ty \ v r6-st*-*bi-la- 
.Jex-haust-iblc-ness \-V6-st>bal-nas\ n — In-ex-haust- 

flCC V Vi-nig-*as-tan(t)s\ n (ca. 1623) : absence of existence 



lSeVf N-'ncks-ro-bal, -*nek-sa-. -'neg-za-ra-V nd) [L inexorabi- 
L*exorabilis pliant, fr. exorore to prevail upon. fr. ex- + orarc 
.'more at ORationI (1553) : not to be persuaded or moved 
» ?relentless — in^x-o-ra-bil.i.ty xOMcks-ra-'bi.la-le. 
W»A n — in-ex-cra-hle-noss N-'neks-ra-bol-nas. - nck- 
£vb in«ex-o-ra«bly \-bte\ adv 
^"e\J-nik- , spe-de.an(t)s\n(1608): inexpediency 

> Van(t)-se\ n (1641) : the quality or fact of bang 



j2?\-wt\a<//(l608) 
rt4y adv 



not expedient : inadvisable — in- J* 



\jUnik- , spen(l)-siv\ adi (ca. 1846) : reasonable in pnee 
iWi«en'Stve*ly adv — in<x.pcn.sive-ncss n 
*^o?S-nik- , spir-eon(t)s\ « [MF, fr. LL inexpcrienda./r. L 
Sifl experience] (1598) 1 : lack of practical experience 
^tedgeof the ways of the world — in*x.pe.rl«enced 

k^part. ,i-nikA adj [ME. fr. MF. fr. L inexpertus. fr. 
xpSo (15c) : not expert : unskilled — In-ex-pert 
^Eiex-pert'ly \-'nek-^parl-le. j-nikA adv — in-ex- 

S?toek-sp6-a-bal\ adj [ME inexpyabU. fr. L inexpiabi- 
onto expUte] ( 1 5c) 1 : not capable of being atoned 
ttlACABLE. unappeasable — iniex.pi«a«bly \-ble\ adv 
3g>3Sk. , spla-na-b3l\aA(ca: 1923): INEXPLICABLE 
EoSk-'spli-kP-bsl. C)i < nek.(.)spliA adj [ME. fr. MF. 
"^^jfr. ia- + expUcabilis explicable] (1 5c) : incapable of 
*-'»^-preted. or accounted for — ln-ex-pli«ca*bil*My. 
w L)i-^ek^.)spli.\Vn^~ in^x-pli^a-ble-ness 
, cVxiek CHplirV n 7rP in^x-pli^a-bly V-blc\ 



inexactitude • inferable 597 

Unfantodjfxa. j) 1 : intended for ymg ^Udftn .J taai ? 

early stage of development 3 : of, rdaUng to. or y^}*™* fSL.. . * 
In-faii-U \tn-fan-U, -TanA « [Sp & Pg. fern, of Irjante) (1593) : a 

daughter of a Spanish or Portuguese monarch 

lS!faSte ^Stb .Tan^)ta\ n fSp & Pg, ^W^^^- 
xn/arul ( 1 555) : a younger son of a Spanish or Portuguese monarch 

inVun.tlilde f\iiC5Sld\ AlW^^iT^ fa&fcX'* Sft? 

+ + ^um <ide] (ca. 1656) I : the killing of .an htUnt 2 CLL 

ZfanticidoL fr. L infant-, infans +. £ + -cWa <idel t one who kills an 

infant — I n.fan«ti<ci-4al Wan4a-wn\ adi I * , lrt 

In.fan-tilc Vin-fan-.tO. -tH. ^9. -C)til\ WJfi. S;"? 8 ^ 

infants or infancy 2 : suitable to or characteristic of an infant, esp 

: ve^immature - in-fan-tlW-ty Wn-fan-Hi-la-tiN n 
infantile paralysis n (1843) : pouo^eutis Q * . 

in.fan.tilTsm \Wan-.ti.Ji-ram. -tojK i«^tau«^A « ««» 1 : 

tcntion of childish physical, mental, or emotional 4u>rt»»^ We. 

eip : failure to attain sexual maturity 2 : an act or expression that 

\ir, j) k ' i> :t.-Kv . : i.i-v,' ■;.(.... - . u* I. v.;- y;. ii it... s-i'«- • * 
fan.tiM-za*tioa vin-fan-.tMp-'ia-shan. -fwi-tl-a-; in«,fan-t1-»A n 
in.fan.tine\Sn^.im.-.len\^(l603): iiJF{^«jiwi 
in-fan.try Vin-fan-treX n. pf -tries MF & O t^ ; MF J^lTlSW) 1 
injanttria. fr. in/anw boy. fool soldier, fr. ViS mr " a r!S?^? . i hr.Lh 
a : soldiers trained, armed, and equipped to fight on foot b: a branch 
of an army composed of these soldiers 2 : an infantry regiment or 

in!fan°try.man Vtre-man\ n (1883) : an infantry soWier 
infant school n (1824) Br/i : a school for children aged five to seven or 

InJ arct Vin-,iarkt, in A n [L infarctus. pp. ?1 infarcirt to stuff, fr. in- 4- 
/arcire to stuff] (1873) : an area of necrosis in a tissue or organresu - 
ing from obstruction of the local arculation by a thrombus or embolus 
— in.farct.cd \in-Tark-tPd\ adj— in-farc^tion \m-Tark shan\ n 
in.f arc Vin-.far. -,fer\ n [ME. entrance, fr. OE infzr. f r. m + far way 
fr. foran to go — more at fare] (1595) chttfly dial : a reception for a 

•lE f at««^^^a^h»-w9t\ adi (15c) : being in an infatuated state or 

iiTfatViatc \-.wit\ w -at^d; -aMng [L W*tuatu£\ pp. of 
fr. in- + Jctuus fatuous] (1533 I : to cause to be foolish : deprive of 
sound judgment 2 : to inspire with a foolish or extravagant love or 
admiration — in-fat.u-a.tion \-,fa-cha-Vfi-6han\ n 
in-faTna Vin-Jd-na, -Si-\ « [NU fr..»«i- + (1914) : benth^c 

fauna living in the substrate and esp. in a soft sea bottom — compare 



EPi fauna — in.fau-nal X-.fo-nl. -faA 
in.fea^i-ble \(,)infc-»-bal\ fld 1 / (1533) : not feasible : 




SOreHiv\ aj/(1652) ' \\ archaic : INEXPRESSIBLE 2 

Ofejneaninff /Can' face> v ~ in^x.pres.sivc.ly;adv^ 

Ik-S^gina-boI. ::*spyu-na-\ adj [ME ins 
^ L jnexpugnabi7ii;fr. in- + expugnare to take 
nwre to f fight -— more at pungent] (15c) I 
g taubdued -or overthrown : IMPREGNABLE <an ~ 
B.>DCED hatred) in^x.pug*na*ble*ness n 

' an^d-balX adj {in- ■+ expunge] (1888) 



; inca- 

_J\ adv [ML] (1826) : at full length <the 

.Wrj-gwi-srw-bal. -*stin-wi-\ adj (15c) : not 
Qui flame) (an — longing) — in- 

^>^tra-\ odr [L] (ca. 1530) : in extreme 
it tof death 

bat Ui-'nek-OstriA adj [ME, fr. MF or 
U1n- + exuieabiiis cxtricable] (15c) 1 
«4 which it is impossible to get Tree 2 a 
ped or untied Can ~ knot) b : not capa- 
x^ri-ca*il.i.ty U-nik-.stri-ka-'bi-la-te, 
bly W-ntk-'atri-ka-ble. (,)i. i nek. 

itiME, fr. ML infallibilis. fr. L in- 4- LL 
apablc of error : unerring <an — mem- 
jjJPcodve, or disappoint : certain <an ~ 
^ defining doctrines touching faith or 
Vbi-la-tc\ n — in.fal.1i.bly \-f a-la- 

Ji*! mov »ng under the influence of grav- 
Bfi 5*black hole) — in.f all \-.fol\ n 
JKftMr. L infamis. fr. in- + fama fame] 
«4be worst kind 2 : causing or bring- 
■[y^ted of an offense bringing infamy 

1 : evil reputation brought about by 
a °J brutal 2 a : an extreme and 
B£r5o. Vlne s,atc of being infamous 

j8l4c) 1 : early childhood 2 : a 

s *ne legal status of an infant 
gJJF en/an f. fr. L infant-, infans. fr. 
"Wb. young. f r . in- + font-, fans. 
ISln^ 1 : a «WW in the first ne- 
>«uHage: minor 



_ _ _ ; IMPRACTICABLE 

Inte^ilS-trN^^b]^^ >i « , . ^. « r „ 
in.fect \in-fekt\ w [M& fr. L iitieciiu. pp. of Inficere. fr. fa- + /acere to. 
make, do — more at do] (14c) 1 : to contaminate with a diseases; , 
producing substance or agent (as bacteria) 2 a : to communicate a 
pathogen or aVdisease to; b of a pathogenic organism : to invade (an s , . 
individual or organ), usu. by penetration c of a computer Wr^/Jo .£ 
^become transmitted^and;cbpied to (as a computer) 3 a : om*Mi. ^ 
1 nate. CORRUPT Cthe.inflalcd.wnting that '^s such stones) b : to work ^ 
■'• uporiior seize upon so as io. induce sympathy;. belief, or sui 
to ^their. salespeople with;their enthusiasm) — In-iec-t 

;, 'l5.f«iiontin-^ 
> riously 2 : -an 1 infective agent or matenal conUmmatt- .... 

five-agent -3 • a':" the state produced by the establishment c..— . , ; . 
- live, agent in or on a suitable host b : a disease ^esulung, iromg. 
T infection 4": ah act or process^ 
a pathogen in its host after / 
lions or qualities through exa — , 
in-fec-tious \-shas\ adj (1542) 
: communicable 'by infection - 
rupts or contaminates 
to others Ctheir enthu5 = 
— in*f eotious*ness i 

infectious hepatitis n lea. l 1 1 : Htr* > i » » * . . : ; y;. " •;.v ? - -vl ^ 
infectious mononucleosis n (1920) r an acute ^ infectious disease asso, 
dated with Epstein-Barr virus and characterized by fever, swelling^ -of 



i 



lymph nodes, and lymphocjrtqsiL 
Infective \in-fek-tiA ocfj <l4c) 



ing infection 2 : affecting others : INFECTIOUS-- inifeotiv-My \(.Hn- 
/ekAi-va-teX n 



iniVficTtous \jn-fi.ni^a-tos\ «(/(t835) ; not appropriate in applica- 
tion or exDression — ln«fe«iic.i-tous>ly adv »• - • - . 

Cn.^lfc4.tyVsVtc\ n. pi -ties [ME in/e/W» unhappiness. fr L fa- 
/c 5 "fr.Vel.c-, infill* unhappy, fr, .n. + felic ; .felix fruitfu I — 
more at feminine] (1617) 1 : the Quality or state of bang infelicitous 
2 : something that is infelicitous . 

in-fer Mn-HarN v6 in-ferred; In-fenruig [MF or L: MF inferer. fr. L 
iV^rre. lit., to carry or bring into. fr. in- + ferre to carry — more at 
bear! vi (1528) 1 : to derive as a conclusion from facts or premises 
(we see smoke and - fire — L. A. White) - compare imply 2 : guess 
SURMISE <your letter . . . allows me to — that you are as wdl as ever — 
O W. Holmes f!935) 3 a : to involve as a normal outcome ot 
thought b : to point out : indicate <this doth — the zeal I had to see 
him — Shak.) 4 : SUGGEST. HINT (another survey . . . ~* 
thirds of all present computer installations arc not paying lor them- 
selves — H. R. Chellman) ~ vi : to draw inferences <mcn . . have 
observed, inferred, and reasoned . ..to all kinds of /esulta -John 
Dewey) ~ ln.fcr.ablc also in.fcr.n-blc Vm-'far-a-balV adj — in-Icr- 

'syn infer! DEDUCE, conclude, judgc gather mean to arrive at a mcn- 

\a\ahut ^kitien. F table \ar\ further \a\ash \a\ ace \a\mop. mar 
\au\oul \ch\cbin \e\ bel \e\easy \g\ go \i\ hit \i\ Ice \j\job 
\0\sing\6\go \6\law \6i\ boy \ih\ thin \lh\ the \u\loot \ii\foot 
\y\ yet \rh\ vision \a. k. • ce. 6s. u=, uc. ^ see Guide to Pronunciation 



Studies of Helicobacter pylori in a Gastric Mucosa 
in vitro Animal Model 



K> ROSBERG, R. HOBINETTE, G. NYGARD, T. BERGLINDH A 
W. ROLFSEN 

Pharmacia AB, and Dept. of Pharmaceutical Pharmacology, 

Dept. of Physiology and Medical Biophysics, and Dept. of Pharmacognosy, 

Uppsala University, Uppsala, Sweden 



Rosberg K, Hubinette R, Nygard G, Berglindh T, Rolfsen W. Studies of Helicobacter 
pylori in a gastric mucosa in vitro model. Scand J Gastroenterol 1991, 26, 43-48 

A gastric mucosa in vitro model for studies of experimental Helicobacter pylori 
infections has been developed. Biopsy specimens were taken from pig gastric mucosa, 
infected with H. pylori, and cultured for up to 72 h. To determine the degree of H. 
pylori adhesion, specimens were vigorously rinsed by vortexing five times before 
measuring viable count and urease activity. The results showed that it is possible to 
culture pig gastric mucosa in vitro with maintained viability for at least 72 h. According 
to the viable count, the bacteria survived and multiplied during the whole culture 
period. The percentage viable H. pylori in the specimens after rinsing and the urease 
activity increased with time of culture. The results indicate that the bacteria in the 
gastric specimens were viable after 72 h and that there was a time-dependent increase 
in bacterial adhesion to the specimens. This in vitro gastric mucosa model promises 
to be an applicable and reproducible method, with high capacity, for both pathogenic 
, and mechanistic studies of H pylori infection. 

,, , ,Key words: Bacterial adhesion; Campylobacter pylori-^ gastric mucosa, culture; 
Helicobacter pylori; mucosa in vitro modef 

Karin Rosberg, Pharmacia AB, S-751 82 Uppsala, Sweden 



In spite of its recent discovery, Helicobacter pylori 
(formerly Campylobacter pylon) has been impli- 
cated as the common denominator foT gastritis B 
and is closely associated with duodenal ulcer, 
gastric ulcer, and nonulcer dyspepsia (1-4). 

The natural reservoir for H. pylori is the human 
gastric mucosa. Thus, a more detailed under* 
standing of the pathogenicity and drug sus- 
ceptibility of H. pylori in its native environment 
has been hampered by the lack of appropriate 
animal models. The attempts to establish animal 
models have to date been far from successful. 
Colonization of the gastric mucosa of animals 
such as rodents, cats, oppossums, rabbits, ferrets, 
and monkeys with the bacteria has been difficult 
to establish. The best current model of exper- 
imental H. pylori infection is the gnotobtotic and 
barrier-born pig (5-8). The pig is a functionally 



monogastric rnarnmal with dietary habits and ana- 
tomic and physiologic characteristics similar to 
those of human gastric mucosa. However, these 
pig models are expensive and cumbersome to use. 

A functioning tissue culture system would pro- 
vide an excellent way to study H. pylori infection 
of pig gastric mucosa under controlled conditions 
(9-11). The aim of this study was to develop an 
applicable in vitro pig gastric mucosa model for 
studies of experimental H. pylori infection. 

MATERIALS AND METHODS 

Pig gastric mucosa 

The pig stomach was collected from a slaugh- 
tered pig within 20 min after death . It was emptied 
and rinsed, and the antral part was cut out. The 
mucosa was separated from the underlying muscle 
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layer, and 2-mm-dia meter biopsy specimens were 
punched out. Specimens were cultured in sterile, 
plastic culture dishes (Falcon Plastics, Los Ange- 
les, Calif., USA) on a stainless steel grid placed 
in capillary contact with 1.5 ml culture media (12). 
Proper humidity was maintained by an outer well 
containing 4.5 ml 0.9% NaCl. Three specimens 
were placed on each grid, oriented with the 
mucosal side up, and incubated with air plus 7% 
C0 2 at 37°C in an incubator (Forma Scientific). 
A total of up to 150 specimens were cultured in 
parallel. 

Biopsy culture media 

The culture medium used was Autrup's me- 
dium (13, 14), in which the penicillin and strepto- 
mycin were replaced by nalidixic acid, 40 ug/ml; 
amphotericin (Fungizone®), 0.25 ug/ml; and 
Skirrow's antibiotic supplement in double rec- 
ommended concentration (Oxoid, Ltd., cat. no. 
SR-69). [ 3 H]-labeled leucine (DuPont Nen Prod- 
ucts, Boston, Mass;; USA) in a concentration of 
2 uCi/ml was added to the medium to measure 
the leucine incorporation. When the biopsy speci- 
mens were maintained for more than 24 h, the 
.medium was ch^ngeof^eveiy^^hl. 

Biopsy viability test 

To j measure the [*H]-lcucine incorporation, 
samples were taken after 24, 48, and 72 h of 
cultivation . Three biopsy specimens from the 
same culture dish were dissolved in 1 ml tissue , 
solubilizer (Soluene-350, Packard Instr.). Ten 
milliliters scintillation fluid (Hionic-Fluor, 
Packard Ind.) were added before samples were 
counted in a liquid scintillation counter (LKB 
Wallac 1214 Rackbeta). 

Inoculation ofH. pylori 

After 6 h in culture, at which time the explants 
had attached to the grid, the specimens were 
inoculated with approximately 10 6 H. pylori per 
specimen with an inoculation loop. 

H. pylori strain 

The //. pylori strain used was NCTC 11637. 
Preliminary results are also shown for a new clini- 
cal H. pylori isolate taken from a 43-year-old 
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72h 



□ Control fg H.p -inoculated 

Fig. 1. [*H]-Leucine incorporation (in I000dpm/h) in 
Helicobacter pytori-infected and noninfected biopsy 
specimens after a total of 24, 48, and 72 h. Values 
represent mean ± SD; four experiments with three to 
four culture dishes at each sampling time. 



patient with a long history of gastric ulcer. The 
strains were cultured oh blood agar plates (Blood>c*cc<< 
Agar Base, Oxoid j; supplemented with 7%Jhorse 
blood. Both isolates were cultured in a micro- inc * 
aero^ C0 2 v -and ver Vt 

1 '89% N 2 )..for 2 days before inoculation, ^edntm wi* 

H. pylon detection v . ; 

Biopsy samples were collected immediately.: ;::. : * 
after inoculation and after a total of 24, 48, and . . : 
72 h of cultivation (including the first 6 h). Non- h 
infected specimens were used as controls for all 
variables except viable count. After cultivation 
each specimen was rinsed vigorously five times in 
30 ml fresh 0.9% NaCl in a tube on a Vortex 
mixer for 30 sec, to remove loosely attached bac- 
teria. The presence of H. pylori in the thoroughly 
washed specimen was studied by means of viable 
count and urease activity. Viable counts were also 
performed on the total rinsing water. 

Viable count 

The washed biopsy specimen was homogenized 
in a sterile mortar in 1 ml 0.9% NaCl for 1 min. 
One hundred microliters were spread out, direct 
and after dilution, on blood agar plates and incu- 
bated for a minimum of 3 days before colony 
counting. Since the rinsing water was tested in 
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Fig. 2. Viable count of Helicobacter pylori before and after rinsing, after 24, 48, 
and 72 h of cultivation (Oh represents the time of inoculation, 6h of cultivation 
time). Each point represents the geometric mean values of three biopsy specimens. 



the same manner, the number iti: W : pylori in : 
each specimen before rinsing could be calculated. 
Viable bact^ 

also delermiricd)as £ *: ^ ' 

,Urease activity.^ p ( . ; v , : 
,! Each spedmen was. put into . l m> freshly pre- 
pared urea, soiutjoW consisting of 2% urea and 
!0MX% phenolTed, and the change of color due 
to ^crease in pH was measured in a spectro- 
photometer at 559 nm (Shimadzu UV visible rec. 
spec. UV 160, Lambda Instr. AB). The 
absprbance was measured after 1,10, and 60min 
at room temperature. 
Student's t test was used for statistical analysis* 



RESULTS 

Viability test 

As shown in Fig. 1, the [ 3 H]-leucine incor- 
poration did not differ either between control 
and W. pyfori-infected specimens or among the 
different cultivation times. The tendency to a 
higher incorporation in the H. py/ori-infected 
specimens was not significant. 



Viable count y ■ ,.>'■ * 

hy^ig; j2;.;ShO(Ws^tbej content of viable bacteria in ; 
specimens before andiafteririnsing with H. pyipri v 
isolate NCTC 11637 The number of viable bacj ? 
teria before rinsing stayed stable throughout the 
whole cultivation, period. However, the amount 
of H. pylori remaining in the^specimen after rins* / 
ing increased with time. According to Fig..2; r at!, 
the time of inoculation only a few, hundred^, i) 
pylori were attached to the specimen after rinsiiig^ 
After 24 h of culture the number of viable //.^ 
pylori in the specimen had risen to 10 4 -10?; and 
increased further to 10 5 -10 6 after 48 and 72 h. As 
can be seen in Fig. 2, the difference between 
the number of viable H . pylori before and after 
rinsing decreased with time. The number of viable 
H. pylori in the culture media for every 24-h 
period was approximately 10 8 after 24 h and 
stayed at that level throughout the experiment. 
The reproducibility of this technique is shown in 
Fig. 3, where results from three different experi- 
ments on NCTC 11637 are presented. This figure 
shows the percentage H. pylori left in the speci- 
men after rinsing. Inset in Fig. 3 are the pre- 
liminary results from the adhesion of a freshly 
obtained H, pylori isolate. This isolate bound to 
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> Fig . 3^ ^Viable cbiint o f Helicobacter pylori in rinsed biopsy specimens after 24; 48, andg2 h;of cultivation 
represents the time of inoculation, oh ;ofcuW^ represent the perceri^ge of the total amounti^^ 

of H pylon left in the specimen after rinsing. Each point represents the mean values o£ three specimens Inset; 
In a single experiment the adhesive proj^Vty of a new isolate freshly obtained from gastric mucosa was tested; ?;: 
This isolate bound to specimens with the' same kinetics as previously seen; hut the total amount bound was jV£ 
considerably higher— that is f 70% at 72h >: -In the same experiment the regular NCTC 13637 isolate gave a 8% > 
adhesion: * - . ft t- : i ■■ 



specimens with the same kinetics as previously 
seen, but the amount of bound H. pylori was : 
considerably higher. 

Urease activity 

The urease activity was measured in NCTC 
11637-inoculated biopsy specimens. The activity 
measured in the rinsed specimens after 24, 48, 
and 72 h of cultivation is shown in Fig. 4. After 
1 min in the urea solution the 48-h- and 72-h- 
inoculated specimens showed a significant dif- 
ference both between each other (p < 0.01) and 
compared with the 24-h-inoculated specimens 
(p < 0.05). All inoculated specimens measured 
after 10 min indicated a higher value than the 
controls but did not result in a significant dif- 
ference between control and 24-h-inoculated 



specimens. Both^;h and ^ h of culture gave a 
significant difference (p < 0.01) compared with 
24 h. When the specimen was kept in the urea 
solution for 60 min, the absorbance maximum 
was reached regardless of cultivation time of the 
inoculated specimens. 

DISCUSSION 

Appropriate animal models for studies of exper- 
imental H. pylori infection are necessary if the 
field of H, pylori research is to continue its for- 
ward movement. In this study an in vitro pig 
gastric mucosa model for H. pylori research has 
been developed. 

Our results indicate that it is possible to culture 
pig gastric mucosa in vitro with maintained 



Material may be protected by copyright law (Title 17, U.S. Code) 



H. ori and in vitro Animal Model 



47 




80 



j ii (Ori^ 
: - fi nouni^f 

a Inset 
ested 
d was 
a 8% \ 



atve a 
with 
urea 
mum 
•f the 



Min 

Unfilled symbols* controls ■ H.p. 24h * H.p. 48h ♦ H.p. 72h 

Fig. 4. The urease activity measured as change in phenol red absorbance in rinsed 
biopsy specimens after 24, 48, and 72 h. The measurements are made at 1, 10, and 
60 min. Each point represents mean ± SD of three specimens. 1 min: 24-h-infected 
specimens did not differ from the controls; 48-h-infected differed from both 24-h- 
infected and controls (p < fr05); 72-h-infected differed from 48 h (pf<M).0iy. 
10 min: 24-h-infected did not differ statistically from controls; both 48-h- and 72-h- 
infected differed from 24-h-irifected and controls (p < 0.01). ; . 
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by the, presence of //. pylori. The trend towards 
an increased, protein synthesis in the infected 
specimens might be explained .by an uptake of 
leucine by the bacteria themseW 

. Results frpm ^he viable counts clearly ^indicate 
that H. pylori survived 66 h (72--6 h) in a biopsy 
specimen. The 'number of viable //. pylori in the 
specimen before rinsing was quite stable over 
time. More importantly, the viable count after 
rinsing increased with time, indicating that a large 
number of bacteria become more firmly attached 
with increasing incubation time. This might be 
due to H. pylori being able to penetrate the mucus 
and possibly adhere to the epithelial cells. In 
NCTC 11637-inoculated specimens the percent- 
age H. pylori remaining after rinsing after 72 h 
was approximately 10%, while preliminary data 
from a freshly prepared isolate shows approxi- 
mately 70% remaining bacteria in the specimen. 
These results indicate that different H. pylori 
isolates bind to the specimens with the same kin- 



urease studies confirm the viable count results, 
and our results suggest penetration and/or adhe'rV: 
ence of f/. pylori to the gastric mucosa. yv.^nV 
In conclusion, the in vitro pig gastric mucosa : 
model is an applicable method for studies of 
experimental H. pylori infections. The method 
can be a potential model for mechanistic studies 
of H. pylori and for assessment of the efficacy of 
different therapeutic agents. The model has a 
high capacity — a very large number of specimens 
and variables can be studied at the same time — 
and the method is reproducible. Furthermore, 
this model is closer to the physiologic conditions 
than most other in vitro models — that is, isolated 
cells — since some basic physiologic conditions are 
preserved. 
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GC Agar with Ampicillin 381 



Supplement Solution: 
Composition per liter: 

Glucose lOO.Og 

L-Cysteine-HCl 25.9g 

L-Glutamine lO.Og 

L-Cystine l.lg 

Adenine l.Og 

Nicotinamide adenine dinucleotide 0.25g 

Vitamin B, 2 O.lg 

Thiamine pyrophosphate 0. lg 

GuanineHCl 0.03g 

Fe(N0 3 ) 3 -6H 2 0 0.02g 

p-Aminobenzoic acid 0.013g 

ThiamineHCl 3.0mg 

Source: The supplement solution IsoVitaleX® en- 
richment is available from BBL Microbiology Labo- 
ratories. This enrichment may be replaced by 
supplement VX from Difco Laboratories. 

Preparation of Supplement Solution: Add 

'components'* to distilled/deioni&d water and bring 
' volume to 1 .0L. Mix thoroughly. Filter sterilize. 

\ Preparation* of : ]^^ijw^^|S00.0rii^ of sterile 
GC agar base aseptically . add 5fl0.0mL.of sterile he- 
moglobin " : , solution at 45°-5Q^:. Mix thoroughly. 
Aseptically. add. lO.OmL sterileisupplement solution. 
Mix thoroughly. Pour into sterile Petri dishes or dis- 
tribute into sterile tubes. ■ ^ ; , , ' ' , ' . . 

Use: For the isolation and cultivation of fastidious bac- 
teria, especially Neisseria and -Haemophilus species. 
For the cultivation and maintenance of Branhamella 
catarrhalis, Campylocbacter pylori, Eikenella corro- 
dent, Helicobacter pylori, Moraxella nonliquefa- 
ciens, Morococcus cerebrosis, Oligella ureolytica. 
O. urethralis, Pasteurella volantium, Proteus mirabi- 
lis, and Taylorella equigenitalis. 

GC Agar 
(GC Medium) 
(ATCC Medium 1351) 

Composition per 1.0L: 

GC agar base 950.0mL 

Blood, defibrinated 50.0mL 

pH 7.2 ±0.2 at 25°C 

GC Agar Base: 
Composition per liter: 

Agar lO.Og 

Pancreatic digest of casein 7.5g 

Peptic digest of animal tissue 7.5g 

NaCl 5.0g 

K 2 HP0 4 4.0g 

Cornstarch l.Og 

KH 2 PO< l.Og 



Source: GC agar base is available as a premixed 
powder from BBL Microbiology Systems. This base 
may be replaced by GC medium base available from 
Difco Laboratories. 

Preparation of GC Agar Base: Add components 
to distilled/deionized water and bring volume to 
1.0L. Mix thoroughly. Gently heat until boiling. Au- 
toclave for 15 min at 15 psi pressure-121°C. Cool to 
75°-80°C. 

Preparation of Medium: To 95O.0mL of sterile 
GC agar base aseptically add 50.0mL sterile defibri- 
nated blood with thorough mixing and maintain at 
75°-80°C for 15-20 min until the medium is choco- 
latized. Pour into sterile Petri dishes or distribute into 
sterile tubes. 

Use: For the isolation and cultivation of fastidious bac- 
teria, especially Neisseria and Haemophilus species. 
For the cultivation and maintenance of Branhamella 
catarrhalis, Campylocbacter pylori, Eikenella corro- 
dens, Helicobacter 'pylori, ^Moraxella i honliquefa- 
ciens, Morococcus derebrps^ ! 
O. urethralis iPasteurellwvoldntium, Proteus mirabi- ' 
lis, and Taylorella equigenitalis! / ' ' i 

Composition p^f/lO^ir^:/^ ,■ 

GC agan^e^::ff^£^M";A 500.0mL 

Hemoglobin solution ... .. : 500.0mL 

Supplement solu^ .....lO.OmL 

Ampicillin solution lO.OmL 

0 * ? ; ; ; pH 7.2 ± 0.2 at 25°C 

GC Agar Base, 2X: 
Composition 500mL: 

Agar...; lO.Og 

Pancreatic digest of casein 7.5g 

Peptic digest of animal tissue 7.5g 

NaCl 5.0g 

K 2 HP0 4 4.0g 

Cornstarch l.Og 

KH 2 P0 4 ' 1.0g 

Source: GC agar base is available as a premixed 
powder from BBL Microbiology Systems. This base 
may be replaced by GC medium base available from 
Difco Laboratories. 

Preparation of GC Agar Base, 2X: Add com- 
ponents to distilled/deionized water and bring vol- 
ume to 500.0mL. Mix thoroughly. Gently heat until 
boiling. Autoclave for 15 min at 15 psi pressure- 
121 o CCooIto45 o -50°C. 

Hemoglobin Solution: 
Composition 500mL: 

Bovine hemoglobin , lO.Og 



